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UNIVERSITY CAREER AHD RRSICARCH EXPERIENCE.
I graduated M .A .in  th e  U n iv e r s i ty  o f  8 t . Andrews in  
1 9 3 1 ,and B * S c .,v / ith  F i r s t  C la ss  Honours i n  Chem istry, 
i n  1932.
I commenced th e  re sea r ch  on Esparto C e l l u l o s e , which 
i s  no\7 h e in c  subm itted  a s  a P h .D ,T h e s is , in  February 
1 9 2 2 ,and was adm itted  a Research Student o f  the  
U n iv e r s i ty  from May 1922.
In 1922 I was awarded a Carnecie Research S ch o la rsh ip  
which I have h e ld  fo r  th e  p a s t  two y e a r s .
In a d d it io n  t o  th e  work which i s  d e sc r ib e d  i n  t h i s  
t h e s i s , I  have been en cased  on th e  i n v e s t i g a t i o n  o f  
th e  o p t i c a l  in v e r s io n  o f  1-menthone and th e  a s s o c ia t e d  
problem d e a l in g  w ith th e  r e la t io n s h ip  o f  th e  v a r io u s  
m en thols and m en th ones .T h is  work has bean c a r r ie d  out  
under th e  s u p e r v is io n  o f  P r o fe s s o r  J .R ead ,P h .D .
r ( i v )
C O N T E N T S .
PART ONE.
THE NATURE OF ESPARTO CELLULOSE.
I n t r o d u c t io n .................................................................................................... C l ) .
The O bject o f  th e  R e se a r c h ................................................................ ( 1 8 ) .
The C om position  o f  E sparto  C e l l u l o s e ...........................................( 1 9 ) .
The Hexose R esidue i n  Esparto C e l l u l o s e ....................................( 2 6 ) .
D is c u s s io n  o f  th e  R e s u l t s ................................................................ . ( 3 3 ) .
E x p er im e n ta l  (36 )  to  ( 5 3 ) .
PART TWO.
THE STRUCTURAL BASIS OF COTTON CELLULOSE.
I n t r o d u c t io n ............ ..................................................................................(54 ) .
The O bject o f  th e  R e se a r c h ................................................................( 5 7 ) .
O u tl in e  o f  th e  Work............................   ( 5 8 ) .
D is c u s s io n  o f  th e  R e s u l t s .................................................................. ( 6 5 ) .
Experiment ad............................................................................. (76 )  to  (1 0 3 ) .
(1 )
PART ONE,
THEORETICAL.
Tîie name ’’ce llu lo se * *  i s  a g e n e r ic  term a p p lie d  to  a 
c l a s s  o f  s u b s ta n c e s  ra th e r  than  to  an in d iv id u a l  
s p e c i f i c a l l y  c h a r a c te r is e d  by i t s  p h y s ic a l  and chem ical 
p r o p e r t i e s ,a n d ,a s  might be exp ected  from th e  f a c t  
t h a t  c e l l u l o s e  forms th e  predom inating c o n s t i t u e n t  
o f  p la n t  t i s s u e s , t h e r e  e x i s t s  a wide range o f  d iv e r g e n t  
m o d i f i c a t i o n s , i n  con form ity  w ith  the v a r ie t y  o f  
n a tu ra l  e la b o r a t io n .A s  a c l a s s , t h e  c e l l u l o s e s  have 
many p r o p e r t ie s  i n  common.They are c h e m ic a lly  i n e r t ,  
c o l o u r l e s s  and o d o u r le s s  b o d ie s ,w h ich  are r e p r e se n te d  
e m p ir ic a l ly  by th e  form ula (C^H,^0^^,in which ’*n** i s  
an in t e g e r  o f  unknovm magnitude .They are fa r th e r  
c h a r a c te r is e d  by t h e i r  i n s o l u b i l i t y  i n  s im p le  o rg a n ic  
s o l v e n t s  and by t h e i r  r e s i s t a n c e , a lthou gh  i n  v a ry in g  
d e g r e e , t o  th e  p r o c e s s e s  o f  h y d r o ly s i s  and o x id a t io n .
I t  sh ou ld  be noted  t h a t  the  c e l l u l o s e s  are  
n ot r e a d i ly  se p a r a te d  from th e  p la n t  i n  a s t a t e  o f  
" p u r ity " ,b u t  are u s u a l ly  a s s o c ia t e d  vd.th sm all amounts 
o f  fo r e ig n  m a t e r i a l , which may be in t im a t e ly  mixed 
o r  even ch e m ic a l ly  u n ite d  vrith th e  c e l l u l o s e  p ro p er .
(2)
Such im p u r i t ie s  are g e n e r a l ly  l e s s  r e s i s t a n t  to  
h y d r o ly s i s  and o x id a t io n  and may he e l im in a te d  hy 
th e  a c t io n  o f  a lk a l in e  h ydrox ides  under p r e s s u r e ,  
fo l lo w e d  hy exposure to  th e  a c t io n  o f  c l l o r i n e  r;as 
a t  th e  ord in ary  tem perature .The r e s id u e  vdiich r e s u l t s  
from t h i s  t r e a tm e n t , a f t e r  thorough washing and d ry in g ,  
i s  regarded as a b n o r m a l" c e l lu lo se .
According to  Cross and Bevan, ( ’’C e l lu lo s e  ", 
Second E d it io n ,  1910 ,P . 7 8 ) , ’’th e  c e l l u l o s e s  o f  th e  
p la n t  world so fa r  as th ey  have heen  in v e s t ig a t e d  
from th e  p o in t  o f  v iew  o f  chem ical c o n s t i t u t i o n ,  
group th e m se lv e s  as f o l lo w s
(a )  Those o f  maximum r e s i s t a n c e  to  h y d r o ly t i c  a c t io n ,  
and c o n ta in in g  no d i r e c t l y  a c t iv e  CO groups,
(h) Those o f  l e s s e r  r e s i s t a n c e  to  h y d r o ly t i c  a c t io n ,
j and c o n ta in in g  a c t iv e  CO groups,
( c )  Those o f  low  r e s is ta m c e  to  h y d r o ly s i s , i . e .m o r e  
or l e s s  s o lu b le  in  a lk a l in e  s o l u t i o n s  and e a s i l y  
r e s o lv e d  hy a c id s ,w i t h  form ation  o f  carbohydrates  o f  
low m olecu lar  w eigh t V
In an exp an sion  o f  th e  above c l a s s i f i c a t i o n  
th e  same au th ors  p la c e  the  t y p i c a l  c o t to n  c e l l u l o s e  
1 along w ith  th e  c e l l u l o s e s  o f  F la x ,Hemp, China Grass
I
(3 )
and Sunn Hemp in  group (a ) ,a n d  th e  c e l l u l o s e s  o b ta in ed  
from w ood ;cerea l s traw s and e sp a r to  g r a s s  i n  group (b ) .  
M oreover, th e y  regard th e  c e l l u l o s e s  d er iv ed  from 
c e r e a l  s tra w s  and e sp a r to  g r a s s  as b e in g  s t r o n g ly  
d i f f e r e n t i a t e d  from th e  normal and c h a r a c te r is e  them 
as pronounced o x y c e l l u l e s e s .T h is  v ie w ,w ith  regard  to  
esp a r to  c e l l u l o s e , w i l l  be r e fe r r e d  to  a t  a l a t e r  
stage.G roup ( c )  i s  o f  l i t t l e  i n t e r e s t  i n  r e l a t i o n  
to  th e  p r e s e n t  t h e s i s , a s  i t  in c lu d e s  the  h e tero g en eo u s  
c l a s s  o f  c e l l u l a r  as opposed to  f ib r o u s  c e l l u l o s e s ,  
fo r  which E .S ch u lze  h as proposed th e  term Pseudo­
c e l l u l o s e s ,  and may be d ism isse d  w ith ou t f a r th e r  r e f e r e n c e .
THE CONSTITUTION OF COTTON CELLULOSE.
« The a t t e n t io n  o f  i n v e s t i g a t o r s  was n a tu r a l ly  f i r s t  
a t t r a c t e d  to  th e  c o n s t i t u t i o n a l  study o f  c o t to n  
c e l l u l o s e , which may be r e fe r r e d  to  as th e  t y p i c a l  
c e l l u l o s e , but many s e r io u s ,a lm o s t  in su p e r a b le  
d i f f i c u l t i e s  la y  in  th e  path o f  th e  p io n e e r s  who 
a tta c k ed  t h i s  i n t r i c a t e  problem o f  carbohydrate c h e m is tr y . 
The very nature o f  c e l l u l o s e , i t s  i n s o l u b i l i t y  in  
sim ple o rg a n ic  s o l v e n t s , i t s  u n c e r t a in ,o r  r a th e r  unknown 
m olecu lar  magnitude and th e  p o s s i b i l i t y  t h a t  a s  a
(4)
f ib r o u s  m a te r ia l  i t  n ig h t  be h e te r o g e n e o u s , vfere 
f a c t o r s  which c a l l e d  f o r  no n e an powers o f  in g e n u ity  
and r e so u r c e  i n  t h e i r  e l u c id a t io n , I n  a d d it io n  to  th is^  
th e  e a r ly  i n v e s t i g a t o r s  were hampered by an inadequate  
knowledge o f  th e  s im p ler  ca r b o h y d ra tes ,a  knowledge 
which has su b seq u en tly  proved in v a lu a b le  i n  c o n s t i t u t i o n a l  
s t u d i e s  o f  t h i s  t y p e , I n  th e  fa c e  o f  such d i f f i c u l t i e s  
th e  e a r ly  c o n t r ib u t io n s  to  the s u b je c t  are by no 
means i n s i g n i f i c a n t , but i t  i s  not s u r p r is in g  th a t  a 
v i o l e n t  c o n f l i c t  o f  o p in io n  a r o s e ,w ith  th e  r e s u l t  
th a t  p r o g r e s s  was impeded fo r  many y e a r s .
The l i t e r a t u r e  on the  c o n s t i t u t io n  o f  c e l l u l o s e  
i s  e x c e e d in g ly  e x t e n s i v e ,but th e  r e s u l t s  which were 
o b ta in e d  in  e a r ly  i n v e s t i g a t i o n s  and th e  i l l o g i c a l  
s p e c u la t io n s  which were based upon them are so c o n fu s in g  
as to  render a summary u n d e s ira b le  and even  u n n e c e s s a r y .
In  th e  l i g h t  o f  r e c e n t  r e se a r c h e s  c a r r ie d  out in  
t h i s  la b o r a to r y  by J .C * Irv in e  and h i s  c o l la b o r a t o r s ,  
i t  seems more a p p r o p r ia te , as a p re fa ce  to  t h i s  e s s a y ,  
t o  o u t l i n e  th e  v a r io u s  s t e p s  by which th e  p r e s e n t  
co n c e p t io n  o f  c e l l u l o s e  s tr u c tu r e  was a rr iv ed  a t ,
The argument i s  based on two well-know n and 
now w e l l - e s t a b l i s h e d  r e a c t io n s .
(5 )
" (1 )  C e l l u l o s e , (C^  H , on com plete hydro l y s i s ,  i s  
con verted  q u a n t i t a t i v e l y  in to  g l u c o s e .
(2 )  The graded h y d r o ly s i s  undergone hy c e l l u l o s e  
during a c e t o l y s i s  may he a r r e s te d  a t  a s ta g e  where 
th e  d is a c c h a r id e  c e l l o h i o s e  i s  a d e f i n i t e  p ro d u c t’,’ 
(I r v in e  and H i r s t , T . ,1 9 2 3 ,1 2 3 ,5 1 8 )
I t  has lo n g  heen m ainta ined  th a t  th e  u l t im a te  h y d r o ly s i s  
o f  c o t to n  c e l l u l o s e  hy means o f  m ineral a c id s  p roceeds  
q u a n t i t a t iv e l y  i n  accordance w ith  the  eq u ation
hut u n t i l  r e c e n t l y , t h e  ev id en ce  adduced i n  support  
o f  th e  v iew  th a t  th e  product c o n s is t e d  e n t i r e l y  o f  
g lu co se  was hy no means c o n c l u s i v e .
The v a l i d i t y  o f  h y d r o ly t i c  c lea v a g e  as a 
means to  a s c e r t a in in g  s t r u c tu r e  may on f i r s t  
c o n s id e r a t io n s  he q u e s t io n e d , in  view  o f  th e  d isc o v e r y  
o f  a t h ir d  type o f  m eth y lg lu c o s id e  which was ob ta in ed  
as an u n c r y s t a l l i s a h l e  s y r u p , in  a d d it io n  to  the  
c r y s t a l l i n e  o (a n d /3 m e th y lg lu c o s id e s ,h y  th e  a c t io n  o f  
methyl a lc o h o l  c o n ta in in g  1 per  c e n t  o f  hydrogen  
c h lo r id e  on g l u c o s e . (Smil F i s c h e r ,B e r . ,1 9 1 4 ,4 7 ,1 9 8 6 0  
In the  f o l lo w in g  y e a r , I r v in e ,P y fe  and Hogg, ( T . ,1915  
1 0 7 ,5 2 4 ) , shewed th a t  t h i s  m e th y lg lu c o s id e  was a m ixture
(G)
o f  i so m e r id e s  d er iv ed  from an e n t i r e l y  new v a r ie t y  
o f  G lu c o s e ,to  which th e y  ascr ib ed  an e th y le n e  ox id e  
s tr u c tu r e .O th e r  hexose  d e r i v a t i v e s , which shew the  
same c h a r a c t e r i s t i c s ,h a v e  su b seq u en tly  been i s o l a t e d .  
The a d d i t io n a l  co m lp ica t io n  which t h i s  
d isco v e r y  b r in g s  in t o  c o n s t i t u t io n a l  c o n s id e r a t io n s ,  
and th e  in c r e a s e d  c a u t io n  which must be e x e r c is e d  
i n  th e  in t e r p r e t a t i o n  o f  r e s u l t s  from h y d r o ly s i s ,  
are s e l f - e v i d e n t , A n o ta b le  case  i s  found i n  i n u l i n ,
Wlien i n u l i n  i s  h y d ro ly sed  e i t h e r  by d i lu t e  h y d r o c h lo r ic  
a c id  or  by o x a l i c  a c id ,o r d in a r y  la e v o -r o t a t o r y  f r u c to s e  
r e s u l t s . VThen, how ever, i n u l i n  i s  f i r s t  m ethylated  and 
the  r e s u l t i n g  t r im e th y l  in u l in  i s  h y d r o ly se d ,a  d ex tro ­
r o ta to r y  t r im e th y l  f r u c t o s e  r e s u l t s . ( I r v i n e  and S t e e l e ,  
T . ,1 9 2 0 ,1 1 7 ,1 4 7 4 )The n ecessa ry  in fe r e n c e  i s  t h a t  
f r u c t o s e  e x i s t s  i n  i n u l i n  presumably as an amylene 
ox id e  ty p e ,w h ic h  i s  con verted  in t o  th e  u su a l  b u ty len e  
ox id e  v a r ie t y  on h y d r o l y s i s ,u n le s s  such change i s  
p rec lu d ed  by m e t h y l a t i o n . l t  i s  c l e a r , however, th a t  in  
d eterm in in g  th e  q u a n t i ta t iv e  nature o f  th e  con v ers io n  
o f  c e l l u l o s e  to  g lu c o se  ,th e  v a l i d i t y  o f  h y d r o ly s i s  i s  
unim paired.The in t e r n a l  s tr u c tu r e  o f  the  r e s u l t i n g  
hexose m olecu le  may indeed  be changed,but th e  a c tu a l
(7)
i d e n t i t y  and aiBonnt o f  th e  surar are in  no w ise a f f e c t e d .
Many i n v e s t i g a t o r s  have c o n f id e n t ly  c la ia e d  
q u a n t i t a t iv e  y i e l d s  o f  g lu c o se  froD c e l l u l o s e  hy 
h y d r o l y s i s . P l e c h s i g , ( Z e i t s c h . p h s i o l . Cheu. ,1 8 8 3 ,7 ,5 2 3 ) ,  
u s in g  co n cen tra ted  su lp h u r ic  a c id  as the  h y d r o ly t ic  
agen tjC la iD ed  to  have o b ta in ed  a y i e l d  o f  g lu co se  
corresp on d ing  w ith  95-98  per cen t o f  th e  t h e o r e t i c a l  
q u a n tity  a v a i la b le  f r o a  c e l l u l o s e , a  c l a i a , m oreover, 
which he based e n t i r e l y  on the  copper red u cin g  power 
o f  th e  s o lu t io n  o b ta in e d .
Working on s i a i l a r  l i n e s ,O s t  and Wilken i n g , 
( C h e a .Z e i t , ,1 9 1 0 ,3 4 ,4 6 1 ) ,c la ia e d  a la o s t  q u a n t i ta t iv e  
y i e l d s  o f  g lu c o se  by the  a c t io n  o f  72 per cen t  su lp h u r ic  
a c id  on c e l l u l o s e . I n  t h i s  case  th e  c l a i a  was based  
on p o l a r i a e t r i c  readings.N ow  i t  i s  s u r e ly  c l e a r , t h a t  
w h ile  th e  above methods o f  e s t im a t io n  may a f fo r d  
v a lu a b le  con firm atory  e v id e n c e , th e y  can s c a r c e ly  be 
allow ed  as fundam ental p r o o f .
A few y e a r s  l a t e r , W i l l s t a t t e r  and Z ech m eister ,  
(H er. ,1 9 1 3 ,4 6 ,2 4 0 1 ) , in v e s t ig a t e d  the  h y d r o ly s i s  o f  
c o t to n  wool w ith  4 0 -4 1  per cent h y d r o ch lo r ic  a c id .
They used  a 1 per cen t s o lu t i o n  o f  c e l l u l o s e  and 
fo l lo w e d  the  course  o f  th e  r e a c t io n  p o l a r i m e t r i c a l l y .
(8)
The y i e ld  o f  [glucose th u s  in d ic a te d  v/as e (su iva ien t  
to  96 per cen t  o f  th e  t h e o r e t i c a l  q u a n tity ,a n d  t h i s  
was apparen tly  confirm ed by copper r e d u c t io n  f i r u r e s .
The use o f  c o n ce n tr a ted  h y d r o ch lo r ic  a c id  is ,h o w e v e r ,  
open to  even  s tr o n g e r  o b j e c t io n s  than  th e  use  o f  
con cen tra ted  s u lp h u r ic  a c i d .F i s c h e r , ( B a r , ,1 8 9 0 ,2 3 ,3 6 8 7  ; 
1 0 9 5 ,2 8 ,3 0 2 4 ) ,had p r e v io u s ly  she\m t h a t  i n  th e  presen ce  
o f  co n cen tra ted  h y d r o c h lo r ic  a c id  g lu co se  undergoes  
con d en sation  t o  foria i s o - D a l t o s e  ,but V f i l l s t a t t e r  and 
Zechm eister were o f  th e  o p in io n  t h a t  no i s o -m a lto s e  
was formed during  t h e ir * h y d r o ly s i s  owing to  th e  low  
c o n c e n tr a t io n  o f  g lu c o s e  p r e s e n t .T h is  p o in t  h as s in c e  
been r e fu te d  by D a v is , ( J .S e e .D y e r s  and C o l l . , 1 9 1 4 ,3 0 ,2 4 9 ) ,  
who proved t h a t  th e  a c t io n  o f  h y d r o c h lo r ic  a c id  in  
e f f e c t i n g  th e  a u to -c o n d e n sa t io n  o f  g lu c o se  ex ten d s  
to  s o lu t io n s  c o n ta in in g  o n ly  1 per ce n t  o f  g l u c o s e .
R e a l i s in g  th e  u n s a t i s f a c t o r y  nature o f  such  
i n v e s t i g a t i o n s , I r v i n e  and S o u t a r , ( T . ,1 9 2 0 ,1 1 7 ,1 4 8 9 ) ,  
attacked  th e  problem from another a n g le .C o t to n  c e l l u l o s e  
was f i r s t  transform ed  in t o  the corresp on d ing  t r i a c e t a t e  
by means o f  graded a c e t o l y s i s  w ith a m ixture o f  a c e t i c  
anhydride and s u lp h u r ic  acid .T he t r i a c e t a t e  was th en  
converted  in to  c r y s t a l l i n e  m e th y lg lu c o s id e  by s im u ltan eou s
(9)
h y d r o ly s i s  and co n d en sa tio n  vrith a c id  m ethyl a l c o h o l , 
and f i n a l l y  in t o  th e  p aren t h exose .T he y i e l d  o f  c ln c o se  
th u s  o b ta in ed  wa,s 85 per cent o f  th e  t h e o r e t i c a l  
amount o b ta in a b le  from c e l l u l o s e , c a lc u la te d  on the  
assum ption t h a t  c e l l u l o s e  i s  e n t i r e l y  composed o f  
hexose r e s id u e s . I n  th e  above p r e p a r a t io n  o f  c e l l u l o s e  
t r i a c e t a t e , a  c o n s id e r a b le  q u a n tity  o f  s o lu b le  m a te r ia l  
remained i n  th e  aqueous l iq u o r s  a f t e r  p r e c i p i t a t i o n  
o f  th e  a c e t a t e , t h e  i s o l a t i o n  o f  which in v o lv e d  a 
troublesom e s e r i e s o f  o p e r a t io n s  as  w e l l  a s  u navo id ab le  
l o s s . A f a r t h e r  r e se a r c h  on th e  s u b je c t  was th e r e fo r e  
undertciken, ( I r v in e  and H ir s t ,T .  ,1 0 2 2 , l3 1 ,1 5 8 5 ) ,v r i th  a 
view to  a cco u n tin g  f o r  t h i s  d iv erg en ce  o f  15 per  cen t  
from th e  t h e o r e t i c a l  v a l u e .
An improved method o f  a c e t o l y s i s  as  d e sc r ib e d  
by V/.L• B a r n e t t , (J .S o c .C h e m .In d ., 1 9 2 1 ,4 0 ,8T) ,v^as made 
use o f ,a n d  an e x c e l l e n t  y i e l d  o f  uniform t r i a c e t a t e  
was ob ta in ed .N o  d is s o lv e d  sugar was found i n  th e  aqueous 
w ashings and th e  o p e r a t io n s  r e fe r r e d  to  above were 
th u s  e l im in a ted .O n  su b m itt in g  th e  t r i a c e t a t e  to  
treatm en t w ith  m ethyl a lc o h o l  c o n ta in in g  1 per  c e n t  
o f  hydrogen c h lo r id e  i n  s e a le d  t u b e s ,a  y i e l d  o f  
m e th y lg lu c o s id e  was o b ta in ed  corresp on d ing  w ith  95 per
(10)
cent o f  th e  t h e o r e t i c a l  ojiio-ant.Evidence was a ls o  
o b ta in ed  t h a t  th e  whole o f  the  m a te r ia l  i s o l a t e d  v/as 
composed o f  m e th y lc ln c o s id e  w ithout admixture vdLth 
d e r iv a t iv e s  o f  o th e r  h e x o se s  or o f  p e n t o s e s . l t  cannot  
be em phasised to o  s t r o n g ly  th a t  th e  above c la im s  are  
based upon the  a c tu a l  amount o f  a n a l y t i c a l l y  pure 
m a te r ia l  i s o l a t e d ,a n d  so fo r  th e  f i r s t  tim e th e  
q u a n t i ta t iv e  co n v er s io n  o f  c o t to n  c e l l u l o s e  to  g lu c o se  
was f ir m ly  e s t a b l i s h e d .
Beyond th e  f a c t  t h a t  th e  c o t to n  c e l l u l o s e  
m olecu le  i s  composed o f  {glucose r e s id u e s , t h e  ev id en ce  
d esc r ib ed  above r i v e s  no c lu e  to  th e  m o lecu lar  s t r u c t u r e .  
No in d i c a t io n  i s  ^ iven  o f  th e  hydroxyl croups which . 
are in v o lv e d  in  th e  l in k a r e  o f  the g lu c o se  resid ues^  
and no in fe r e n c e  ca.n be dravm as  to  the  in t e r n a l  
s tr u c tu r e  o f  each component g lu co se  r e s id u e .T h is  
in fo rm a tio n  v/as su p p lie d  by th e  m é th y la t io n  o f  c e l l u l o s e  
and th e  s^absequent h y d r o ly s i s  o f  th e  a lk y la te d  p r o d u c t ,  
v/hich v/as f i r s t  undertaken by Denham and Woodliouse.
(T . ,1 9 1 5 ,1 0 3 ,1 7 3 5 ) .  A methylated, c e l l u l o s e  c o n ta in in g  
25 per cen t o f  m ethoxyl was ob ta in ed ,v /h ich  on h y d r o ly s i s  
y ie ld e d  among o th e r  p ro d u cts  a c r y s t a l l i n e  tr im e th y l  
g lu c o se  ,which v/as shewn t o  have th e  f o l lo w in g  s t r u c t u r e .
(11)
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T his c o n s t i t u t i o n  was confirmed, by Ir v in e  and H i r s t .
( T . , 1 9 2 2 ,1 2 1 ,1 2 1 3 )
Proa t h i s  i t  f o l lo w s  th a t  c e l l u l o s e  i s  a 
d e r iv a t iv e  o f  {glucose i n  which th e  p o s i t i o n s  1 and 5 
are r e p la c e d  by one or aore anhydro^lucose r e s id u e s ,  
s in c e  th e s e  p o s i t i o n s  are o b v io u s ly  p r o te c te d  fr o a  
a e t h y l a t i o n . l t  was c l e a r l y  d e s ir a b le  to  a e t h y la t e  
c o t to n  c e l l u l o s e  to  th e  aaxiaua e x te n t ,a n d  a t  th e  
r e q u e s t  o f  Dr. D enhaa,the ta sk  was undertalcen by Ir v in e  
and H iD s t . ( T , ,1 9 2 3 ,1 2 3 ,5 1 8 ) .As was to  be ex p ec te d  th e  
product o f  aax iaua  a e t h y la t io n  corresponded w ith  a 
t r i a e t h y l  c e l l u l o s e , and a l l  e f f o r t s  to  in c r e a s e  th e  
a e th o x y l  c o n ten t  f a r t h e r  were u n su c c e s s fu l .O n  h y d r o ly s in g  
th e  a lk y la te d  product th e  siij^plest o f  a l l  p o s s i b l e  
r e s u l t s  was o b ta in e d ,a s  no sugar o th e r  than 2 : 3 : 6 -  
t r i a e t h y l  g lu c ô se  was i s o la t e d .T h e  c e l l u l o s e  a o le c u le  
i s  th e r e fo r e  coaposed e n t i r e l y  o f  i d e n t i c a l  an hydroglucose
(12)
r e s id u e s  which are l in k e d  through th e  p o s i t i o n s  1 
and 5 .
The rem ain ing  p o in t  to  be c o n s id er ed  i s  th e  
form ation  o f  c e l l o b i o s e  o c j îa c e ta te  by th e  graded  
a c e t o l y s i s  o f  c o t to n  c e l lu lo s e .T h e  l in k a g e  in  
c e l l o b i o s e  i s  one which o c c u r s  o n ly  i n  n a tu r a l  
carb oh yd rates ,an d  t h i s  f a c t , i n  co n ju n c t io n  vrLth the  
ev id en ce  t h a t  c e l l o b i o s e , on m é th y la t io n  and subsequent  
h y d r o l y s i s , y i e l d s  2 :3  :6 - t r im e th y l  g l u c o s e , (Hav/orth 
and H i r s t , T . , 1 9 2 1 ,1 1 9 ,1 9 3 ) ,p o in t s  to  th e  id e a  th a t  
c e l l o b i o s e  form s p o rt  o f  th e  c e l l u l o s e  m o le c u le ,a s  
exp er im en ta l ev id e n c e  i s  e n t i r e l y  opposed to  th e  view  
th a t  c e l l o b i o s e  may be formed during  a c e t o l y s i s  by 
the  a u to -c o n d e n sa t io n  o f  g l u c o s e , I f  th e  c e l l u l o s e  
m olecu le  c o n s i s t s  o f  two anhydroglucose r e s id u e s  
l in k e d  through p o s i t i o n s  1 and 5 ,100  p a r t s  o f  c e l l u l o s e  
should  y i e l d  105 p a r t s  o f  c e l l o b i o s e , but th e  h ig h e s t  
recorded  y i e l d s  o f  th e  d is a c c h a r id e  are o f  th e  order  
o f  50 to  60 per  cen t.T h e  f o l lo w in g  m o lecu la r  s t r u c t u r e ,  
which s a t i s f i e s  a l l  th e  req u irem en ts  o u t l in e d  above, 
and would g iv e  y i e l d s  o f  c e l l o b i o s e  approxim ating  
to  th e  low er f i g u r e s  quoted a b o v e ,h a s  been su g g es ted  
by J .C . I r v i n e .
(13 )
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I t  should  he p o in te d  out t h a t  th e  th r e e  anhydroglucose  
r e s id u e s  i n  th e  above form ula Day he arranred i n  
oth er  ways and s t i l l  f u l f i l  a l l  th e  req u irem en ts ,h u t  
as such a rearrancem ent would e n t a i l  th e  p o s s i b i l i t y  
o f  c e l l u l o s e  y i e l d i n g  d i s a c c h a r id e s  o th e r  than  c e l l o h i o s e ,  
th e  ahove i s  a t  p r e s e n t  p r e fe r r e d  a s  th e  s im p le s t  
r e p r e s e n t a t io n  o f  a m o le c u le , w h ich , p o ly m erised  i n  
unknown numbers,would r e p r e s e n t  c o t t o n  c e l l u l o s e  as  
a chem ical e n t i t y .
(14)
TH  ^ ULTIMATE HYDROLYSIS OF ESPARTO CSLLULOSIi:.
Aa a part o f  th e  exp er im en ta l programme o f  t h i s  
l a b o r a t o r y , a r e s e a r c h ,p a r a l l e l  w ith  t h a t  a lread y  
d e sc r ib e d  in  th e  case  o f  c o t to n  c e l l u l o s e , was commenced 
on"esparto  c e l l u l o s e  *'a term which i s  a p p lie d  to  the  
product which i s  o b ta in ed  from esp a r to  [ irass by 
y  h e a t in r  under p r e s su r e  w ith  a l k a l i  and t h e r e a f t e r  *
\  removing l i ^ n i n  and c o lo u r in g  m atter  by trea tm en t
w ith  c h lo r in e  .E sparto  c e l l u l o s e  i s  a f ib r o u s  m a te r ia l  
yvo s ^ e w h a t  s im i la r  to  c o t to n  c e l l u l o s e  i n  appeoTance, 
but i t  d i f f e r s  markedly in  th a t  i t  c i v e s  a y i e l d  o f  
f u r f u r a l , corresp on d in g  w ith  IB to  20 per ce n t  o f  
p e n to sa n ,o n  d i s t i l l a t i o n  w ith  12 per ce n t  h y d r o c h lo r ic  
acid .T h e f o l lo w in g  in v e s t ig a t io n ,v /h ic h  in v o lv e d  the  
i d e n t i f i c a t i o n  o f  th e  p en to se  p r e s e n t  in  e sp a r to  
c e l l u l o s e , a lon g  v/ith th e  a c é t y l a t i o n  o f  th e  c e l l u l o s e  
and th e  subseq uent h y d r o ly s i s  o f  th e  a c e ta te ,w a s  
c a r r ie d  out by I r v in e  and H i r s t . (T , , 1 9 2 4 ,1 2 5 ,1 5 ) .
A number o f  p en to se  e s t im a t io n s  v/ere c a r r ie d  
out on e sp a r to  c e l l u l o s e  and th e  v a r io u s  r e s u l t s  
v/hich were o b te ln e d  la y  betv/een th e  l i m i t s  o f  18 and 
20 p er  cent o f  p e n to s a n .I n  th e  course o f  subsequent  
e x p e r im e n ts ,h o v /e v e r , i t  v/as found t h a t  th e  e x t r a c t io n
(15)
o f  th e  c e l l u l o s e  w ith  "boiling sodiuio hydroxide r e s u l t e d  
i n  s o l u t i o n  o f  th e  p en tosan  c o n s t i t u e n t . I t  i s  p r o b a b le , 
t h e r e f o r e , t h a t  th e  preliD inaj?y e x t r a c t i o n  o f  the  
esp a r to  g r a s s  w ith  sodium hydroxide s o l u t i o n  was 
accompanied by a l o s s  i n  p en to se  co n te n t ,fr o m  which 
i t  f o l lo w s  t h a t  th e  maximum amount o f  p en tosan  p r e s e n t  
i n  e sp a r to  c e l l u l o s e  may be s l i g h t l y  h ig h e r  than  th e  
r e s u l t s  quoted above se rv e  to  i n d i c a t e .
B efore  d e a l in g  w ith  th e  prep aeration and 
h y d r o ly s i s  o f  e s p a r to  c e l l u l o s e  a c e t a t e , i t  i s  co n v en ien t  
t o  s t a t e  th a t  th e  p en tosan  c o n s t i t u e n t  was i d e n t i f i e d  
a s  xylan  by th e  a c tu a l  i s o l a t i o n  o f  x y lo se  from e sp a r to  
c e l l u l o s e . T h i s  was c a r r ie d  out by b o i l i n g  th e  c e l l u l o s e  
w it h /  a 12 per c e n t  s o lu t io n  o f  sodium h y d ro x id e ,  
and t h e r e a f t e r  p r e c i p i t a t i n g  th e  p en tosan  from th e  
a lk a l in e  l i q u o r s  by th e  a d d it io n  o f  90 per cen t  e th y l  
a lc o h o l.T h e  r e s u l t i n g  p en to sa n  was a w hite  powder 
e a s i l y  decomposed by h e a t ,a n d  on h y d r o ly s i s  vrLth 2 
per cenÿ s u lp h u r ic  a c id ,g a v e  a good y i e l d  o f  c r y s t a l l i n e  
x y l o s e .
The a c é t y l a t i o n  o f  e sp a r to  c e l l u l o s e  by 
B arnettb  method d id  not p roceed  so r e a d i ly  as  w ith  
c o t to n  c e l l u l o s e , but w ith  s l i g h t  m o d if ic a t io n s  in  th e
(16)
exp er iin en ta l c o n d i t i o n s , a lD ost  q u a n t i t a t iv e  y i e l d s  
o f  a uniforrj a c e ta te  were o b t a in e d ,c a lc u la t e d  on th e  
b a s i s  o f  a f i x t u r e  o f  a t r i a c e t a t e  o f  (C^ H^ ^O,.)j ,^and 
a d ia c e t a t e  o f  (C^ Hg C^)^,in th e  r a t i o  o f  82 per  cent  
t o  IB per  cen t.T h e  siiD ultaneous h y d r o ly s i s  and 
co n d en sa tio n  o f  e sp a r to  c e l l u l o s e  a c e ta te  w ith  a c id  
D eth y l a lc o h o l  was c a r r ie d  out i n  a manner s im i la r  
to  t h a t  d e sc r ib e d  i n  th e  case o f  c o t to n  c e l l u l o s e  
a c e ta t e  and th e  product which was i s o l a t e d  a f t e r  
h y d r o ly s i s  proved to  be a mijcture o f  m e th y lg lu c o s id e  
and m e t h y lx y lo s id e ,
As regard s th e  q u a n t i t a t iv e  nature o f  t h i s  
s e r i e s  o f  e x p e r im e n ts ,th e  o v e r - a l l  y i e l d  o f  g lu co se  
amounted to  91  per c e n t  and t h a t  o f  x y lo se  to  76 per  
cen t  o f  th e  q u a n t i t i e s  t h e o r e t i c a l l y  o b t a in a b le . '
The low y i e l d  o f  x y lo s e  was d o u b t le s s  due to  th e  
d e s t r u c t io n  o f  p e n to se  during th e  s e a le d  tube tr e a tm e n t .  
I t  sh ou ld  a l s o  be sta ,ted  th a t  th e  above r e s u l t s  are 
not based  on any one s i n g l e  e x p e r im e n t , but have 
been confirm ed i n  d u p lica te ,W e may th e r e fo r e  i n f e r  
th a t  e sp a r to  c e l l u l o s e  i s , t o  th e  e x te n t  o f  DO per cen t  
at l e a s t , a  d e f i n i t e  chem ical su b sta n ce  i n  which g lu c o se  
r e s id u e s  and x y lo se  r e s id u e s  are p r e s e n t  to g e th e r
(17)
in  th e  r a t io  o f  80 per c e n t  to  20 per  c e n t .
I t  has a lr e a d y  been m entioned th a t  Cross  
and B ev a n ,in  t h e i r  book ’’C e l l u l o s e r e g a r d  e sp a r to  
c e l l u l o s e  as a pronounced o x y c e l l u l o s e , and the  y i e l d  
o f  f u r fu r a l  o b ta in e d  on d i s t i l l a t i o n  o f  th e  c e l l u l o s e  
w ith  12 per c e n t  h y d r o c h lo r ic  a c i d ,a s  a d i r e c t  measure 
o f  th e  degree o f  ox id a ,tion .T h ey  f a r t h e r  s t a t e  th a t  
e sp a r to  c e l l u l o s e  may be d e o x id is e d  by pro longed  
exposure to  n e u tr a l  or  a lk a l in e  red u c in g  a g en ts ,a n d  
by s o l u t i o n  as  th io c a r b o n a te  fo l lo w e d  by r e g e n e r a t io n  
o f  th e  c e l l u l o s e  by h e a t in g  th e  s o l u t i o n  a t  80  ^to  10(f. 
They found t h a t  when e sp a r to  c e l l u l o s e  was exposed  
f o r  some tim e to  th e  a c t io n  o f  a s o l u t i o n  o f  z in c  
sodium h y p o s u lp h i t e , prepared by th e  a c t io n  o f  z in c  
d u st  on sodium b i s u l p h i t e , th e  y i e l d  o f  f u r f u r a l  was 
reduced from 1 2 . G per c e n t  to  8 .9  per c e n t ,a n d  t h a t  
e s p a r to  c e l l u l o s e  r e g en er a te d  from s o l u t i o n  as  t h i o -  
carbonate y ie ld e d  o n ly  2 per c e n t  o f  f u r f u r a l , w h ile  
th e  w eight o f  th e  r e g en er a te d  c e l l u l o s e  amounted on ly  
t o  80 per c e n t  .o f  th e  w eight o f  c e l l u l o s e  o r i g i n a l l y  
d i s s o l v e d .
I t  i s  now c l e a r  t h a t  e sp a r to  c e l l u l o s e  must 
be regarded a s  a mixed c e l l u l o s e  r a th e r  than  as  an
(18)
o x y c 3 l lu l o s e  .The y i e l d  o f  f u r f u r a l  o b ta in ed  on d i s t i l l i n ?  
th e  c e l l u l o s e  w ith  12  per ce n t  h y d r o c h lo r ic  a c id  has  
been shewn to  be a q u a n t i t a t iv e  measure o f  th e  aDount 
o f  p en to sa n  p r e s e n t  a s  xylan^and th e  e f f e c t s  which 
Cross and Bevan a t t r ib u t e  to  d e o x id a t io n  may be Dore 
c o r r e c t ly  e x p la in e d  as b ein^  due to  th e  p a r t i a l  rén ova i  
o f  th e  xy lan  component o f  th e  n ix ed  c e l l u l o s e .
The p r e s e n t  work,v/hich was d es ig n ed  as an 
e x te n s io n  o f  th e  r e s e a r c h e s  o u t l in e d  above nay be 
c o n v e n ie n t ly  d iv id e d  in t o  two p a r t s .
(A) The f i r s t  s e r i e s  o f  exp er im en ts  v/as d e s ic n e d  with  
tv/o n a in  o b j e c t s  i n  v i e w : -
(1 )  To determ ine v/hether th e  hexosan and p en tosan  
components o f  e sp a r to  c e l l u l o s e  are i n  chem ical  
c o m b in a t io n ,o r  a l t e r n a t i v e l y ,m e c h a r ic a l ly  mixed or  
form ing a s o l i d  s o l u t i o n .
(2 )  To determ ine th e  nature  o f  th e  hexose r e s id u e  in  
e sp a r to  c e l l u l o s e , and to  compare i t  v/ith th e  hexose  
r e s id u e  d e r iv e d  from c o t to n  c e l l u l o s e .
(B) The second p art  o f  th e  paper d e a l s  v/ith th e  p o s s i b i l i t y  
o f  o b ta in in g  t r u e  d e p o ly n e r i s a t io n  p ro d u c ts  o f  c e l l u l o s e
by means o f  a c e t o l y s i s  v/ith a m ixture o f  a c e t i c  
anliydride and s u lp h u r ic  a c id .E v id e n c e  i s  adduced which
(19)
p o in t s  to  th e  id e a  t h a t  th e  s t r u c t u r a l  b a s i s  o f  th e  
complex c e l l u l o s e  D o le c u le  i s  a t r ia n h y d r o - r l u c o s e ,
THE COMPOSITION OF ESPARTO CELLULOSE.
A laa tter  o f  no su a l l  i n t e r e s t  t o  th e  i n v e s t i g a t o r  
o f  e sp a r to  c e l l u l o s e  i s  th e  p resen ce  o f  th e  p en to sa n  
c o n s t i t u e n t  which i s  composed o f  x y lo s e  r e s i d u e s .
The q u e s t io n  o f  th e  mechanism o f  th e  fo rm a tio n  o f  
p e n to s e s  i n  p la n t s  i s  s t i l l  to  a g r e a t  e x te n t  shrouded  
i n  o b s c u r i t y , but R a v e n n a ,(A t t i ,R .A c c a d .L in c e i ,1 9 0 9 ,
( V) , 1 8 , i i , 1 7 7 ) , c o n c lu d e s  th a t  th e  s im p le  su g a rs  
r a th e r  than  th e  complex carb oh yd rates  e x e r t  th e  ma,jor 
in f lu e n c e  on t h e i r  form ation .T h e p en to se  component 
o f  e sp a r to  c e l l u l o s e  may be e la b o r a te d  in d e p e n d e n t ly  
but i n  th e  same manner as  th e  h exosan  c o n s t i t u e n t ,  
but on th e  o th e r  hand i t  may r e s u l t  a s  a  d eg ra d a t io n  
product o f  th e  hexosan c o n s t i t u e n t .
I t  i s  p o s s i b l e ,  by th e  degrada.tion method o f  
Vfohl, t o  o b ta in  D -arab inose  from D -g lu co se  ,and i n  the  
same way D -x y lo se  may be o b ta in ed  from D - g u l o s e . I f ,  
t h e n , t h e  p e n t o s e s  formed i n  nature are d eg ra d a t io n  
p ro d u c ts  o f  hexos e s , we miglit on f i r s t  c o n s id e r a t io n s  
e x p e c t  to  f in d  a rab in ose  r a th e r  th an  x y lo se  a s s o c ia t e d
(20 )
w ith  g lu c o s e  i n  p la n ts .O n  exein in inr th e  c o n f ig u r a t io n s  
o f  c l ^ c o s e , araM nose and x^ ’l o s e ,h o v f e v e r , i t  becomes 
e v id e n t  t h a t  an oth er  ty p e  o f  d e g r a d a t io n  i s  p o s s i b l e .
JHO . . . (1 )  CHO —Oil II—0—OH
HO— 4 H(
H-C-OH
H0-C-4I HO-C-il
H-C-OH 4 H-C-OH
H-C-OH H-C-OH
-OH II-C-OH
H-6-0H CI^OII
[j^ OH. . . (e)
D- r l n 0 0  se  D -x v lo se  D -arab inose  D -r ln  co so
I t  i s  c l e a r  t h a t  by th e  nethod  o f  Wohi th e  carbon  
atoD which i s  e l im in a te d  from g lu c o s e  d uring  d eg ra d a tio n  
t o  a ra b in o se  i s  t h a t  which i s  denoted  by number (1 )  
i n  th e  above f o r m u l a . I f , how ever^ it  were p o s s ib l e  to  
e la b o r a te  a scheme by which d eg ra d a t io n  would proceed  
w ith  e l im in a t io n  o f  th e  carbon atom denoted  by number
( 6 ) , th e  r e s u l t i n g  p roduct would be x y lo s e  and not  
a ra b in o se .S u ch  a p r o c e s s  o f  d eg ra d a t io n  h as  not y e t  
been a ch iev ed  by chem ica l m eans,but i t  i s  by no means 
im p o s s ib le  t h a t  such a t r a n s fo r m a t io n  may be ca r r ie d  
o u t in  th e  p l a n t .
I t  appeared prob able  th a t  some in fo r m a tio n  
c o n cern in g  th e  co m p o sit io n  o f  e sp a r to  c e l l u l o s e  might
(21)
l e  o b ta in e d  by o u b B it t in c  i t  to  graded a c e t o l y a i s ,  
f o r , a s  has a lr e a d y  been  p o in te d  o u t , t h i s  p r o c e s s  
when a p p l ie d  to  c o t t o n  c e l l u l o s e , may be a r r e s t e d  a t  
a s ta g s  when th e  o c t a c e t a t e  o f  c e l l o b i o s e  i s  a 
d e f i n i t e  product o f  th e  r e a c t i o n . I f , t h e r e f o r e , th e  
h exosan  and p en to sa n  conponents o f  e sp a r to  c e l l u l o s e  
are i n  ch e B ica l  co m b in a t io n , i t  seems r e a so n a b le  to  
e x p e c t  t h a t ,b y  th e  a p p l i c a t io n  o f  the  same p r o c e s s ,  
a t  l e a s t  t r a c e s  o f  a h e x o se -p e n to s e  compound,of th e  
same ty p e  a s  c e l l o b i o s e  o c t a c e t a t e ,m ight be form ed.
The method which was adopted was a c e t o l y s i s  
by means o f  a m ix tu re  o f  a c e t i c  anhydride and s u lp h u r ic  
a c id  as  d e s c r ib e d  by Haworth and H ir s t  i n  th e  fo l lo w in g  
p r e p a r a t io n  o f  c e l l o b i o s e  o c t a c e t a t e  from f i l t e r  p ap er ,  
(T. ,1 9 3 1 ,1 1 9 ,1 9 3 ) .  "Twenty grams o f  f i l t e r  paper were 
s t i r r e d  in t o  a w a te r -c o o le d  m ixture o f  B O cc.of a c e t i c  
anhydride and l l c c . o f  c o n ce n tra ted  s u lp h u r ic  a c id .
At t h i s  s ta g e  th e  tem perature o f  th e  v i s c i d  m ixture  
was k ep t  j u s t  below  20®.Under th e  p r e s c r ib e d  c o n d it io n s  
a v i s c i d  p a s te  vaas formed a f t e r  s t i r r i n g  th e  pamper 
w ith  th e  r e a g e n ts  f o r  f i v e  m in u tes .A  b a th ,c o n ta in in g  
ca lc iu m  c h lo r id e  and w a te r ,h a v in g  been h e a te d  in  
r e a d in e s s  to  a tem perature o f  120%th e  v e s s e l  c o n ta in in g
(22)
the  v i s c i d  p a s te  o f  im pregnated f i l t e r  paper v/'as 
h ea ted  hy t h i s  m eans,and th e  c o n te n t s  th o ro u g h ly  
s t i r r e d .R a p id  d i s i n t e g r a t i o n  and s o l u t i o n  o f  the  
paper o ccu rred  ;the m ixture  darkened i n  c o lo u r  ;and, 
a t  about 112^assumed the  form o f  a dark-red  m obile  
l iq u id ;w h ic h  began to  b o i l . T h i s  marked th e  c r i t i c a l  
s ta g e  i n  th e  a c e t o l y s i s  p r o c e s s .Im m e d ia te ly  th e  red  
s o l u t i o n  appeared t o  be changing to  b la c k , t h e  whole 
o f  i t  was poured i n t o  one and a h a l f  l i t r e s  o f  c o ld  
w a te r , and a p a le - y e l l o w  p r e c i p i t a t e  o f  crude c e l l o b i o s e  
o c t a c e t a t e  se p a r a te d  out a f t e r  t e n  m in u te s ’,'
S e v e r a l  ex p er im en ts  were c a r r ie d  ou t under  
c o n d i t io n s  i d e n t i c a l  \7ith th o se  d e sc r ib e d  ab ove ,b u t  
i n  each in s t a n c e  e jc ten s iv e  ch a r r in g  o f  th e  m a,terial  
took  p l a c e , and o n ly  very sm a ll  y i e l d s  o f  a d is c o lo u r e d  
amorphous powder v/ere iso la te d .H a v /o r th  and H ir s t  la y  
some s t r e s s  on th e  f a c t  t h a t  th e  c o lo u r  ch an ges ,  
apparent i n  th e  s o l u t i o n  o f  f i l t e r  pa.per d ur ing  
a c e t o l y s i s , s e r v e  a s  a f a i r  in d i c a t i o n  o f  th e  p r o g r e s s  
o f  the  r e a c t i o n . I n  the  p r e s e n t  c a s e  the  i n i t i a l  
s o l u t i o n  o f  th e  e s p a r to  c e l l u l o s e  was accompanied by 
th e  developm ent o f  a dark-brown c o lo u r ,a n d  i t  was 
found a lm ost im p o s s ib le  t o  d i s c e r n ,b y  any deepen ing
(23)
o f  t h i s  c o lo u r , t h e  Dost:/ opportune soD ent fo r  th e  
p r e c i p i t a t i o n  o f  th e  d i s s o lv e d  p ro d u cts  w ith  w a te r .
The p h y s i c r l  s t a t e  o f  th e  c e l l u l o s e  appeared to  have  
an im portant "bearing on th e  r e a c t io n ,a n d  i t  v/as 
found t h a t  th e  anount o f  ch a r r in g  was s l i g h t l y  
d im in ish e d  by th e  u se  o f  c e l l u l o s e  i n  a very  f i n e  
s t a t e  o f  d i v i s i o n . A  f a r t h e r  s e r i e s  o f  ex p er im en ts  
was now u n d e r ta k e n , in  which th e  c o n d i t io n s  o f  a c e t o l y s i s  
were m o d if ie d  both  w ith  regard  t o  th e  tem perature o f  
th e  r e a c t io n  and th e  c o n c e n tr a t io n  o f  th e  r e a g e n ts ,  
b ut i n  every  c a se  th e  p r o d u c ts  which v/ere i s o l a t e d ,  
a lth ou gh  p a r t ly  s o lu b le  i n  h ot 90 per c e n t  e t h y l  
a l c o h o l , proved to  be e n t i r e l y  amorphous,No t r a c e  o f  
a h e x o s e -p e n to s e  compound v/as detected ,"but a, f a c t  o f  
s t r i k i n g  im portance which v / i l l  be d e a l t  v/ith l a t e r ,  ' 
was th e  e n t i r e  absence o f  c e l l o b i o s e  o c t a c e t a t e  from 
th e  p ro d u c ts  v/hich v/ere o b ta in e d  i n  both s e r i e s  o f  
e x p e r im en ts .
In c o n ju n c t io n  w ith  th e  f o r e g o i n g , a ,c e t o ly s i s  
ex p er im en ts  were c a r r ie d  ou t a t  room tem perature by 
th e  same m ethod ,w ith  a viev/ to  e s t im a t in g  th e  e f f e c t  
o f  th e  r e a c t io n  on th e  p en to sa n  c o n s t i t u e n t  o f  the  
c e l l u l o s e  .The f i n e l y  d iv id e d  c e l l u l o s e  vraa added t o
C24)
a c o ld  f i x t u r e  o f  OO cc.of a c e t i c  anhydride and 1 2 c c .  
o f  c o n c e n tr a te d  s u lp h u r ic  a c i d , and p r e c a u t io n s  a n a in s t  
l o c a l  h e à t in g  d u r in g  th e  i n i t i a l  s t a g e s  o f  s o lu t io n  
were talcen.The c e l l u l o s e  d i s s o lv e d  v ery  s lo w ly  with  
th e  d ev e lo p u en t  o f  th e  brown c o lo u r  which appears to  
be t y p i c a l  o f  e s p a r to  c e l l u l o s e  . VThen th e  c e l l u l o s e  
had d i s s o lv e d  c o m p le te ly  th e  r e a c t io n  m ixture  was 
poured in to  a la r g e  e x c e s s  o f  d i s t i l l e d  w a te r , and th e  
r e s u l t i n g  cream y-w hite  p r e c i p i t a t e  was washed and d r i e d . 
In some ex p er im en ts  th e  r e a c t io n  was co n t in u ed  fo r  
tw e n ty - fo u r  or  f o r t y - e i g h t  hours a f t e r  com plete  
s o l u t i o n  o f  th e  c e l l u l o s e  had been e f f e c t e d , i n  which  
c a s e s  th e  y i e l d s  o f  s o l i d  p ro d u c ts  o f  th e  r e a c t io n  
were g r e a t l y  d im in is h e d . The s o l i d  p r o d u c ts  o f  a c e t o l y s i s  
were cream y-w hite amorphous pow d ers, w h ich , w ith ou t  
f a r t h e r  p u r i f i c a t io n ,w e r e  shewn by elementa-ry a n a l y s i s  
to  correspond  ro u g h ly  vd.th t r i a c e t a t e s  o f  c e l l u l o s e .  
P en tose  e s t im a t io n s  by th e  f u r f u r a l  method shswed 
th a t  th e  p en to sa n  c o n ten t  had f a l l e n  from 20 per cen t  
to  11 per c e n t ,a n d  i n  some c a s e s  to  8 p er  cen t.T h e  
a c e t o l y s i s  o f  e s p a r to  c e l l u l o s e  t h e r e f o r e  r e s u l t s  
in  th e  p a r t i a l  removal o f  th e  p en to sa n  c o n s t i t u e n t ,  
th e  l o s s  o f  p e n to se  b e in g  g r e a t e r , t h e  lo n g e r  a c e t o l y s i s
(25)
i s  a llow ed  to  p ro ceed .l- îo reo v er ,a n  e*^ai3i n a t i o n  o f  th e  
iDother l iq u o r s  a f t e r  p r e c i p i t a t i o n  o f  th e  s o l i d  p r o d u c ts  
h rou rh t to  l i r h t  th e  f a c t  t h a t  th e  p e n to sa n  couponent  
i s  n o t "broken down t o  f u r f u r a l , "but i s  removed as  
solu"ble p en to se  or p en tosan  a c e t a t e s .  ^
T his ev id e n c e  31alien i n  c o n ju n c t io n  w ith  th e  
f a c t  t h a t  th e  p en to sa n  c o n s t i t u e n t  Day "be c o D p le te ly  
e x t r a c te d  froD e s p a r to  c e l l u l o s e  i n  th e  fo r n  o f  x y la n  
"by t r e a t n e n t  w ith  "boilinc a l k a l i 3p o i n t s  t o  th e  i d e a  
t h a t  th e  p en to sa n  and hexosan  con p on en ts  are not i n  
ch em ica l u n io n ,b u t  are m e c h a n ic a l ly  mixed o r  form 
a s o l i d  s o l u t i o n .
(26)
THE HEXOSlg RESIDUS III ESPARTO CELLULOSE.
In  th e  co u rse  o f  th e  ex p er im en ts  a lr e a d y  d e s c r ib e d , 
i n  which e s p a r to  c e l l u l o s e  was t r e a t e d  w ith  a m ixture  
o f  a c e t i c  anhydride and s u lp h u r ic  a c id  under v a r ie d  
c o n d i t i o n s  o f  c o n c e n t r a t io n  and te m p e r a tu r e , no t r a c e  
o f  c r y s t a l l i n e  m a tte r  was d e t e c t e d  i n  any o f  th e  
s o l i d  p r o d u c ts  o f  a c e t o l y s i s .T h e  e n t i r e  ab sen ce o f  
c e l l o b i o s e  o c t a c e t a t e  from t h e s e  p ro d u c ts  seem s to  
i n d i c a t e  t h a t  th e  h ex o se  r e s id u e  p r e s e n t  i n  e sp a r to  
c e l l u l o s e  i s  o f  a d i f f e r e n t  c o n s t i t u t i o n a l  ty p e  from 
t h a t  p r e s e n t  i n  c o t t o n  c e l l u l o s e , but a t  th e  same tim e  
i t  i s  c l e a r  t h a t  th e  p r e se n c e  o f  a c o n s id e r a b le  
p e n to sa n  c o n s t i t u e n t  may in tr o d u c e  c o m p lic a t io n s  o f  
a fa r -r ea c h in r ;  n a tu re  in t o  th e  p r o c e s s  o f  a c e t o l y s i s .  
From such c o n s id e r a t io n s  i t  was co n s id e r e d  
d e s i r a b l e  to  r e p e a t  th e  ex p er im en ts  w ith  e s p a r to  
c e l l u l o s e  from vfhich th e  p en to sa n  c o n s t i t u e n t  had 
been  r e m o v e d ,‘’Normal" e sp a r to  c e l l u l o s e  was t h e r e f o r e  
su b m itted  to  r e p e a te d  e x t r a c t i o n s  vdLth 12 p er  ce n t  
a l k a l i  a t  9 ( f ,u n t i l  th e  washed and d r ie d  f e s id u e  y ie ld e d  
N o te .
“Normal“ e s p a r to  c e l l u l o s e  i s  th e  term which i s  
a p p l ie d  to  th e  p roduct o b ta in ed  from e sp a r to  
CrasB by h e a t in r  under p r e s su r e  w ith  a l k a l i  
and t h e r e a f t e r  removing l i r n i n  and c o lo u r in g  
m a tter  by tr e a tm e n t  w ith  c h lo r in e .
(27)
o n ly  t r a c e s  o f  f u r f u r a l  on d i s t i l l a t i o n  \r±th 13 per  
c e n t  h y d r o c h lo r ic  a c id ,a n d  i t  was found t h a t  an 
"ext reacted e s p a r to  c e l l u l o s e  ", conta in ing; o n ly  very  
s l i c 'h t  t r a c e s  o f  p e n to s a n ,D ir h t  he o b ta in e d  a f t e r  
t h r e e  such tr e a tm e n ts .T h e  e x tr a c te d  m a te r ia l  was used  
i n  a s t a t e  o f  f i n e  d i v i s i o n  in  a s e r i e s  o f  ex p e r im en ts ,  
d u p l ic a t e  w ith  th o s e  a lr e a d y  d e sc r ib e d  i n  th e  ca se  
o f  th e  normal c e l l u l o s e , and under s u i t a b l e  c o n d i t i o n s ,  
a y i e l d  o f  c e l l o b i o s e  o c t a c e t a t e , co rresp o n d in g  w ith  
1 7 .5  p er  c e n t  o f  th e  w eigh t o f  c e l l u l o s e  u sed ,w a s  
o b ta in e d  .C on tro l ex p er im en ts  vrith c o t to n  c e l l u l o s e  
under th e  same c o n d i t io n s  £:ave y i e l d s  o f  c e l l o b i o s e  
o c t a c e t a t e  co rresp o n d in g  w ith  19 per  c e n t  o f  th e  
w eig h t  o f  c e l l u l o s e  u s e d .
T h is  r e s u l t  a f f o r d s  v a lu a b le  co n firm atory  
e v id e n c e  t h a t  th e  hexose  r e s id u e  which i s  p r e s e n t  i n  
e s p a r to  c e l l u l o s e  i s  o f  th e  same c o n s t i t u t i o n a l  ty p e  
a s  tha.t p r e s e n t  i n  c o t t o n  c e l l u l o s e  . I t  a p p ears ,h ow ever ,  
t h a t  th e  fo rm a tio n  o f  c e l l o b i o s e  o c t a c e t a t e  from 
normal e s p a r to  c e l l u l o s e  i s  i n h i b i t e d  by th e  p r esen ce  
o f  th e  p en to sa n  c o n s t i t u e n t .T h e  rea so n  f o r  such an 
e f f e c t  i s  o b s c u r e ,b u t  a l i t t l e  l i r h t  may be thrown  
on t h i s  p o in t  by th e  f a c t  t h a t  s e v e r a l  ex p er im en ts  o f
(28)
a q u a l i t a t i v e  n a tu re  shevæcl t h a t  th e  x y la n ,o b ta in e d  
by th e  e x t r a c t i o n  o f  e s p a r to  c e l l u l o s e  w ith  a l k a l i ,  
was e x c e e d in g ly  r é s i s t e n t  t o  a c e t y l a t i o n . l t  seeDS 
not im p r o b a b le , t h e r e f o r e , t h a t  as  th e  p en to sa n  c o n s t i t u e n t  
i s  u n ifo rm ly  d i s t r i b u t e d  through out th e  h exosan  
c o n s t i t u e n t , th e  r e s i s t a n c e  o f  th e  p en to sa n  t o  a c e t o l y s i s  
may impede o r  mask th e  h y d r o ly s i s  o f  th e  hexosan  
c o n s t i t u e n t  by a p r o t e c t i v e  i n f l u e n c e ,which may be 
compared i n  e f f e c t  w ith  s t e r i c  h in d r a n c e .
A s y s t e m a t ic  stu d y  o f  e x t r a c te d  e s p a r to  
c e l l u l o s e  was now c a r r ie d  o u t .
The e x t r a c t e d  m a te r ia l  ,\7hich in v a r ia b ly  
c o n ta in e d  a h ig h e r  p e r c e n ta g e  o f  ash than  th e  normal 
c e l l u l o s e , v/as a c e t y l a t e d  e s s e n t i a l l y  i n  accordance  
w ith  th e  method o f  B a r n e t t , i n  which s u lp h u r y l  c h lo r id e  
i s  u sed  as  th e  c a t a l y s t , b u t  th e  r e a c t io n  to o k  p la c e  
v e r y  s lo v / ly  and w ith  g r e a t  d i f f i c u l t y  .C o n sta n t  
m ech a n ica l s t i r r i n g  was n e c e s s a r y , and th e  com plete  
s o l u t i o n  o f  th e  c e l l u l o s e  was n o t  e f f e c t e d  u n t i l  th e  
exp er im en t had been  i n  p r o g r e s s  f o r  o v er  tv /enty  h o u r s ,  
d uring  v/hich t im e s e v e r a l  s u c c e s s i v e  t r e a tm e n ts  w ith  
c h lo r in e  and su lp h u r d io x id e  v/ere g iv e n  t o  th e  m ix tu r e .
In  p r e l im in a r y  e x p e r im e n t s ,y i e ld s  a v er a g in g  90 per cen t
(29)
o f  th e  aacunt o f  a c e t a t e  a v a i la b le  on th e  b a s i s  o f  
a t r i a c e t a t e  o f  c e l l u l o s e  were o b ta in e d ,w h i le  i n  a  
f a r t h e r  e x p e r i ia e n t , in  v/hich e la b o r a te  p r e c a u t io n s  
a r a i n s t  l o s s  o f  m a te r ia l  v/ere t a l ie n ,th e  y i e l d  
corresponded  v /ith  95 p er  c e n t  o f  th e  t h e o r e t i c a l  
amount.The e x t r a c t e d  e s p a r to  a c e t a t e  d i f f e r e d  from 
th e  t y p i c a l  c o t t o n  c e l l u l o s e  a c e t a t e  i n  s e v e r a l  
r e s p e c t s . l t  was much b u lk ie r  ;v/as not so hard and 
c r i s p  ;and v/as creamy in  c o lo u r  r a th e r  th a n  pure v /h ite .  
An e lem en tary  a n a l y s i s  o f  th e  a c e t a t e  shev/ed t h a t  i t  
corresponded  v/ith a t r i a c e t a t e  o f  c e l l u l o s e ,
PtHyO, (O^COO)^^.
SIMULTANEOUS HYDROLYSIS AND CONDENSATION OF THE ACETATE
7/ITII ACID METHYL ALCOHOL.
In  ord er  to  co n v e r t  th e  e x t r a c t e d  e sp a r to  c e l l u l o s e  
a c e t a t e  i n t o  m e th y lg lu c o s id e  i t  v/as t r e a t e d  v/ith  
a c id  m ethyl a lc o h o l  i n  s e a le d  tub es,v /hen  i t  v/as 
i n v a r ia b ly  found to  be much more r e s i s t a n t  th a n  e i t h e r  
th e  normal c o t t o n  or e sp a r to  c e l l u l o s e  a c e t a t e s .  
C o n c en tr a t io n s  o f  hydrogen c h lo r id e  from 1 p er  cen t  
t o  3 per c e n t ,a n d  c o n d i t io n s  o f  tem peratu re  ra n g in g  
from 120*^  t o  14Cf v/ere employed i n  a lo n g  s e r i e s  o f
(30)
e x p e r im en ts  ;but a l l  e f f o r t s  to  e f f e c t  com plete  
s o l u t i o n  o f  th e  a c e t a t e  were u n a v a i l i n g . I n  ev ery  
exp erim en t p a r t i a l  s o l u t i o n  o f  th e  a c e t a t e  was 
accom panied by th e  developm ent o f  a deep-brown c o lo u r  
and i n  mamy causes c h a r r in g  a l s o  t o o l  p la c e .O n e  o f  
th e  most s u c c e s s f u l  e x p e r im e n t s , in  which th e r e  was 
o n ly  a s l i g h t  s o l i d  r e s id u e  and developm ent o f  c o lo u r ,  
y ie ld e d  a dark and o n ly  p a r t i a l l y  c r y s t a l l i n e  syrup ,  
co r r e sp o n d in g  i n  amount vn.th 8 3 .5  per  c e n t  o f  th e  
t h e o r e t i c a l  q u a n t i ty  o f  c r y s t a l l i n e  m e t h y lg lu c o s id e .
I t  sh o u ld  be n o ted  thcit th e  t h e o r e t i c a l  q u a n t i ty  was 
c a l c u la t e d  on th e  assum ption  t h a t  th e  a c e t a t e  was 
composed e n t i r e l y  o f  g lu c o s e  r e s id u e s .B y  r e c r y s t a l l i s i n g  
t h i s  syrup from e t h y l  a c e t a t e , t h e  amount o f  pure 
c r y s t a l l i n e  m e th y lg lu c o s id e  which was o b ta in e d  
corresp on d ed  w ith  4 2  p er  c e n t  o f  th e  t h e o r e t i c a l  q u a n t i ty  
As i t  appeared p ro b a b le  t h a t  th e  p h y s i c a l  
s t a t e  o f  th e  a c e t a t e  m ight have a r e ta r d in g  in f lu e n c e  
on th e  r e a c t i o n ,a n  a ttem p t was made t o  o b t a in  i t  i n  
a more r e a c t i v e  form .Tlie a c e t a t e  was d i s s o l v e d  in  
ch loroform  i n  a C ariu s tu b e ,a n d  an eq u a l volume o f  
m ethyl a lc o h o l  was added a lo n g  w ith  s u f f i c i e n t  a c id  
m ethyl a lc o h o l  to  g iv e  a 1 p er  c e n t  c o n c e n tr a t io n  o f  
hydrogen c h lo r id e .T h e  a d d i t io n  o f  th e  m ethyl a lc o h o l
(31 )
p r e c i p i t a t e d  th e  a c e t a t e  ao a j e l l y - l i k e  m ass,and  i t  
WO.G c o n s id e r e d  t h a t  i n  t h i s  s t a t e  th e  coDponnd D ir h t  
r e a c t  more r e a d i l y  v/ith th e  D eth y l a lc o h o l  and hydrogen  
c h lo r id e .V e r y  l i t t l e  c o lo u r  d eve lop ed  i n  t h i s  ex p er im en t,  
"but th e  s o l i d  r e s id u e  v/ p .s con sid era" b le , and th e  syrup  
which v/as f i n a l l y  i s o l a t e d  v/a-s a g a in  v ery  dark i n  
c o lo u r  and o n ly  p a r t i a l l y  c r y s t a l l i n e ,
TreatD ent o f  th e  a c e t a t e  w ith  h ig h ly  in c r e a s e d  
c o n c e n t r a t io n s  o f  hydrogen c h lo r id e  i n  m ethyl a lc o h o l  
v/as now r e s o r t e d  t o  .The f i n e l y  pov/dered a c e t a t e  v/as 
suspended i n  c o ld  m ethyl a lc o h o l  and dry hydrogen  
c h lo r id e  v/as p a s s e d  i n t o  th e  s o l u t i o n  u n t i l  i t  v/as 
sa tu r a te d .T i l3 m ix tu re  v/as k ep t  i n  a s to p p er e d  f l a s k  
w ith  o c c a s io n a l  sh a k in g  f o r  s i x  days,"by v/hich t im e  
t h e  a c e ta te  had a lm ost c o m p le te ly  d i s s o l v e d . A fte r  th e  
e l im in a t io n  o f  th e  e x c e s s  a c id  and n e u t r a l i s a t i o n ,  
th e  syrup v/hich was i s o l a t e d  c r y s t a l l i s e d  c o m p le te ly  
on n u c lé a t io n  v/ith  m e t h y lg lu c o s id e , and th e  y i e l d  i n  
t h i s  case  amounted to  64 p er  c e n t  o f  th e  t h e o r e t i c a l  
q u a n t i ty .
From th e  g e n e r a l  co u rse  o f  t h e s e  ex p er im en ts  
i t  i s  c l e a r  t h a t  th e  h exosan  r e s id u e  d e r iv e d  from 
e s p a r to  c e l l u l o s e  "by th e  e x t r a c t i o n  o f  th e  p en to sa n  
i s  e s s e n t i a l l y  d i f f e r e n t  i n  ty p e  from c o t to n  c e l l u l o s e ,
(32)
or  t h a t  th e  prolonrecl tr e a tm e n t  o f  th e  f i b r e s  o f  t lie  
e s p a r to  w ith  b o i l i n g  a l k a l i  has r e s u l t e d  in  c o n s id e r a b le  
ch an ces  i n  th e  c e l l u l o s e  .The l a t t e r  v iew  seeios not  
u n l i k e l y  when th e  d r a s t i c  n atu re  o f  such trea tm en t  
w ith  s t r o n g  a l k a l i  i s  tal^en i n t o  a cco u n t ,a n d  to  
d e c id e  t h i s  p o i n t , i t  appeared  d e s ir a b le  to  t e s t  th e  
b eh a v io u r  o f  n o rn a l c o t t o n  c e l l u l o s e  a f t e r  a s i i a i l a r  
tr e a tm en t  w ith  alkoJLi.
ANALOGOUS EXPERIH5ITTS WITH COTTON CELLULOSE.-
C otton  c e l l u l o s e  v/’a s  a c c o r d in g ly  h ea ted  v/ith a 12 per  
c e n t  s o l u t i o n  o f  sodiura h yd rox id e  f o r  n in e  hours a t  
90% a f t e r  v/hich th e  v/ashed and d r ie d  r e s id u e  v/as 
a c e t y l a t e d  as  b e f o r e .A s  f a r  a s  a c é t y l a t i o n  v/as con cern ed ,  
'the c o t t o n  c e l l u l o s e  d id  n ot appear t o  have been  
a p p r e c ia b ly  a l t e r e d  by th e  tr ea tm en t  v/ith a l k a l i ,  
f o r  th e  r e a c t i o n  p ro ceed ed  norm ally  v /ith out th e  a id  
o f  m ech an ica l s t i r r i n g  and gave a good y i e l d  o f  
t r i a c e t a t e  co r r e sp o n d in g  v/ith 91  per  ce n t  o f  the  
t h e o r e t i c a l  maximum.
As i n  th e  c a se  o f  e x t r a c te d  e s p a r to  c e l l u l o s e  
a c e t a t e , t h i s  a c e t a t e  v/as c o n v e r te d  i n t o  m e th y lg lu c o s id e  
by the  agency o f  s im u lta n e o u s  h y d r o ly s i s  and c o n d en sa tio n
(33)
G ffe c ta d  by ineanc o f  a c id  laethyl a lc o h o l  .The r e a c t io n  
vrcis c a r r ie d  o u t  on soDe o c c a s io n s  i n  s e a le d  t a b e s  a t  
h ich  t e D p e r a tu r e s ,a n d  on o t h e r s  by u s in e  h igh  c o n c e n tr a t io n s  
o f  a c id  a t  lov/er t e a p e r a t u r e s , and i t  iD D e d ia te ly  
became apparen t t h a t  a change from th e  normal had 
o c c u r r e d , f o r  vdiereas normal c o t to n  c e l l u l o s e  a c e t a t e  
was c o m p le te ly  h y d r o ly se d  by a 1 .5  per cen t  hydrogen  
c h lo r id e  c o n c e n t r a t io n , t h e  p r e s e n t  a c e t a t e  was n ot  
c o m p le te ly  h y d r o ly se d  ev en  w ith  a 3 per ce n t  c o n c e n tr a t io n  
o f  hydrogen c h lo r id e .T h e  h ig h e s t  y i e l d  o f  pure c r y s t a l l i n e  
m e th y lg lu c o s id e  which was o b ta in e d  i n  t h i s  s e r i e s  o f  
ex p er im en ts  amounted t o  84 per c e n t  o f  th e  t h e o r e t i c p l  
maximum.
The f o l lo w in g  s y n o p s i s  f a c i l i t a t e s  a 
com parison o f  th e  r e s u l t s  o b ta in e d  i n  th e  p r e s e n t  
r e s e a r c h  w ith  th o s e  p r e v io u s ly  o b ta in e d  by I r v in e  
and H ir s t ,T h e  p e r c e n ta g e s  quoted i n d i c a t e  th e  y i e l d s  
i n  term s o f  th e  t h e o r e t i c a l ,  maximum.
C otton C otton
( 1 ) C e l l u l o s  e-----^ C e l lu lo s e  T r ia c e t a t e —> M e th y lg lu c o s id e
99.55? 95.55^
( I r v in e  and H i r s t , T . ,1 2 1 ,1 5 8 5 )
E sparto  E sparto
( 2 ) C o l l u l o s  e---- ^ C e l lu lo s e  A c e ta te  > [M e th y lg lu c o s id e
97.2  ^ < 91.oy.
M e th y lx y lo s id e  
‘ 76.05?
( I r v in e  and H i r s t , T 1 2 5 ,1 5 )
(34)
E x tr a c te d  E x tr a c te d  C otton
(3 )C o tto n  C e l l u l o s e —) C e l l u lo s e  T r ia c e ta te - )M e th y lg lu c o s id e
91 .05^  84 .05^
E x tr a c te d  E x tr a c te d  E sparto
(4 )E sp a r to  C e l lu lo s e - ) C e l lu lo s e  T r ia c e ta te - )M e th y l^ lu c o s id e
95.0  ^ 64 .0?:
The r e s u l t s  o b ta in e d  i n  th e  c o n v e r s io n  o f  th e  hexosan  
component o f  e s p a r to  c e l l u l o s e  i n t o  D e t h y l^ lu c o s id e , 
vdiich are e x p r e s s e d  i n  s e r i e s  (4 )  above,Day be 
in t e r p r e t e d  i n  ÿvro ways.The d iD in ish e d  y i e l d  o f  
D e t h y lg lu c o s id e  Day be due t o  th e  p re se n c e  i n  e x t r a c t e d  
e s p a r to  c e l l u l o s e  t r i a c e t a t e  o f  soDe coD ponent(or  
coD p onen ts)  u n r e la t e d  t o  g lu c o se  and th u s  in c a p a b le  
o f  fo rD in g  D e t h y l g lu c o s id e ,o r  a l t e r n a t i v e l y , p u r e ly  
p h y s i c a l  c a u s e s  Day be r e s p o n s i b l e .
In th e  f i r s t  p la c e  i t  must be remembered 
t h a t  no d i r e c t  e v id e n c e  w hatsoever  o f  th e  p r e s e n c e  
o f  any compound o r  compounds u n r e la t e d  t o  g lu c o s e  
h a s  been  o b ta in e d ,a n d  such a s u p p o s i t io n  i s  mere 
s p e c u la t io n .M o r e o v e r , th e  r e s u l t s  o b ta in e d  by I r v in e  
and H ir s t  i n  s e r i e s  ( 2 ) , v/hich prove t h a t  th e  h exosan  
component o f  e s p a r to  c e l l u l o s e  i s  composed o f  g lu c o s e  
r e s id u e s  to  th e  e x t e n t  o f  90 per  c e n t ,r e n d e r  i t  h ig h ly  
im probable t h a t  th e  d isc r e p a n c y  o f  n e a r ly  40 p er  cen t
(36 )
froD  th o  t h e o r e t i c a l  DaxiDaD^as shewn i n  s e r i e s  (4)^ 
can be accoun ted  f o r  o th e r  th a n  by p h y s i c a l  changes  
i n  th e  m a t e r i a l .
V/hen c o t t o n  f i b r e  i s  su b m itted  to  th e  
v/e 1 1 -known p r o c e s s  o f  m e r c é r i s a t i o n , i n  vrhich i t  i s  
brou ght in t o  c o n t a c t  v/ith a 20 per  c e n t  s o l u t i o n  o f  
sodium h yd rox id e  a t  th e  o r d in a r y  te m p e r a tu r e , th e  
s t r u c t u r a l  f e a t u r e s  o f  th e  f i b r e  are i n s t a n t l y  cha.nged 
from a f l a t t e n e d  ribbezid v/ith  a la r g e  c e n t r a l  carnal 
to  a th ic k e n e d  c y l in d e r  i n  which th e  c a n a l i s  more 
or l e s s  o b l i t e r a t e d .R e .a s o n in g  by a n a l o g y , i t  i s  a lm ost  
c e r t a i n  th a t  th e  d r a s t i c  tr e a tm e n t  v/ith  a l k a l i , v/hich 
i s  n e c e s s a r y  t o  e l im in a t e  th e  p en to sa n  c o n s t i t u e n t ,  
w i l l  b r in g  about s i m i l a r  profound p h y s i c a l  chajiges i n  
th e  e s p a r to  f i b r e  .T h is  viev/ a l s o  r e c e i v e s  i n d i r e c t  
su p p ort from th e  f a c t  t h a t  c o t t o n  c e l l u l o s e , a f t e r  
s i m i l a r  tr e a tm en t  w ith  a l k f \ l i , p r e s e n t s  th e  sane r e s i s t a n c e  
t o  h y d r o l y s ^ , a l t h o u g h , i t  must be a d m it t e d , in  a much 
l e s s e r  degree  th an  e s p a r to  c e l l u l o s e . A t  p r e s e n t  i t  
v/ould be im prudent to  advance th e  d e f i n i t e  o p in io n  t h a t  
p h y s i c a l  c e n s e s  er e  e n t i e e l y  r e s p o n s ib le  f o r  such profound  
c h a n g e s ,b u t  i t  may a t  l e a s t  be s t a t e d  t h a t  th e  e v id e n c e  
a t  our d i s p o s a l  p o i n t s  d i s t i n c t l y  to  th e  i d e a  t h a t  t h i s  
i s  th e  tr u e  e x p la n a t io n  o f  th e  phenomenon.
(36)
PART ONE.\ ~
gXPSRIlISNTAL.
A ^eneroua su p p ly  o f  e s p a r to  c e l l u l o s e  vras o b ta in e d
th ro u g h  th e  c o u r t e s y  o f  I5 e sc r s .T u ll i s , R u s s e l l  and C o .,
o f  M a r k in c h . l t  had undergone th e  u s u a l  p r e l im in a r y
e x t r a c t i o n s  and had been  b o i l e d  once w ith  d i l u t e
sodium h y d r o x id e , b u t  had n o t  been  b le a c h e d .W ith  th e
o b j e c t  i b  v iew  o f  u s in g  a  s t a r t i n g  m a t e r i a l , which w a s ,
a s  f a r  a s  p o s s i b l e , a  normal c e l l u l o s e , th e  crude e s p a r to
was b le a c h e d  w ith  c h lo r in e ,a n d  th e  r e s u l t i n g  w h ite
f i b r o u s  mass was th o r o u g h ly  washed and d r i e d .T h i s
m a t e r ia l  was u se d  th rou gh ou t th e  fo l lo v ; in g  i n v e s t i g a t i o n .
The c o t t o n  c e l l u l o s e  u sed  i n  t h i s  s e r i e s  o f
e x p e r im e n ts  c o n s i s t e d  o f  10 per c e n t  b e s t  grade C a r o lin a
c o t t o n  and 90 p er  c e n t  b e s t  lo n g  s t a p l e  S a k e le r e id e s
E g y p tia n  c o t t o n .
THE ACETOLYSIS OF ESPARTO CELLULOSE.
S e r i e s  ( 1 ) .
S e v e r a l  ex p er im en ts ,  were c a r r ie d  ou t in
accord an ce  w ith  th e  method o f  Haworth and H ir s t ,a n d
have a lr e a d y  b een  f u l l y  d e s c r ib e d  i n  th e  f i r s t  p a r t
o f  t h i s  p a p e r . ( P a g e s  21 and 2 2 . )
S e r i e s  ( 2 ) .
The p rocedu re  was e s s e n t i a l l y  th e  same a s
(37 )
i n  S e r i e s  (1 )  n o c l i f i c a t i o n s  were in tr o d u c e d  w ith
r e g a r d  t o  th e  tem p eratu re  o f  th e  r e a c t io n  and th e  
c o n c e n t r a t io n  o f  th e  r e a g e n t s .
(a ) .  10 grams o f  f i n e l y  d iv id e d  c e l l u l o s e  
v/ere added to  a m ixtu re  c o n t a in in g  B O cc.o f a c e t i c  
an h yd rid e  and 1 2 c c .o f  c o n c e n tr a te d  s u lp h u r ic  a c id  
a t  15®and th e  tem perature  o f  th e  r e a c t i o n  m ixtu re  
was im m e d ia te ly  r a i .s e d t o  115^by means o f  a bath  
c o n t a in in g  a s o l u t i o n  o f  ca lc iu m  c h lo r id e .T h e  c e l l u l o s e  
d i s s o l v e d  im m e d ia te ly  w ith  th e  developm ent o f  a brov/n 
c o l o u r )and v/hen t h i s  c o lo u r  had become a lm o st  b la c k ,  
t h e  s o l u t i o n  was poured i n t o  an e x c e s s  o f  d i s t i l l e d  
v /a ter .A  d i r t y  brown p r e c i p i t a t e  v/as o b ta in e d  which
v/as su b s e q u e n t ly  shev/n t o  be p a r t ly  s o lu b le  i n  h o t  
90 p er  c e n t  e t h y l  a lc o h o l .T h e  s o lu b le  prod u ct v/as 
exam ined m ic r o s c o p ic a l ly  and v/as found to  be e n t i r e l y  
amorphous.
(b). Experim ent ( a )  v/as r e p e a te d  a t  a  tem p eratu re  
o f  110®The c e l l u l o s e  to o k  an a p p r e c ia b ly  lo n g e r  t im e
t o  d i s s o l v e , b u t  th e  r e s u l t  v/as th e  same a s  i n  ( a ) .
( c ) .  10 grams o f  f i n e l y  d iv id e d  c e l l u l o s e  
v/ere t r e a t e d  w ith  a m ix tu re  c o n ta in in g  O O cc.of a c e t i c  
anhydride and O c c .o f  c o n c e n tr a te d  s u lp h u r ic  a c id  a t  110®
(d), 10 grams o f  f i n e l y  d iv id e d  c e l l u l o s e  
were t r e a t e d  w ith  a m ix tu re  c o n ta in in g  B O cc.o f a c e t i c
( 38)
an hyd rid e  and G c c .o f  c o n c e n tr a te d  s u lp h u r ic  a c id  a t  110^ 
The p r o d u c ts  o b ta in e d  i n  ( c )  and (d )  were 
a l s o  e n t i r e l y  am orphous,
THE ACETOLYSIS OF ESPARTO CELLULOSE AT 15t
E x p er ip en t  ( 1 ) .
5 crams o f  esp a n to  c e l l u l o s e  were added
t o  a m ix tu re  c o n t a in in g  3 7 c c .o f  a c e t i c  an liydride and 
4 c c .o f  c o n c e n tr a te d  s u lp h u r ic  a c id .T h e  c e l l u l o s e  
d i s s o l v e d  v e r y  s lo w ly  vfith th e  developm ent o f  th e  
t y p i c a l  brown c o lo u r a t io n ,a n d  a f t e r  tw e n ty - fo u r  hours  
th e  c e l l u l o s e  had c o m p le te ly  d i s s o l v e d  .The s o l u t i o n  
was poured i n t o  an e x c e s s  o f  d i s t i l l e d  w a te r , and a  
c r e a m y -y e llo w  p r e c i p i t a t e  was o b t a in e d .T h is  s o l i d  
p rod u ct o f  a c e t o l y s i s , a f t e r  thorough  w ash ing  and d r y in g ,  
v/as found  t o  be s l i g h t l y  s o lu b le  i n  h o t  90 p er  c e n t  
e t h y l  a l c o h o l ,b u t  m ic r o s c o p ic  ex a m in a tio n  f a i l e d  to  
r e v e a l  th e  s l i g h t e s t  t r a c e  o f  c r y s t a l l i n e  m a t e r i a l .  
P en to se  e s t im a t io n  on th e  s o l i d  p rod u ct o f  a c e t o l y s i s .
A v/eighed q u a n t i ty  o f  th e  p rod u ct v/as d i s t i l l e d  v/ith  
an e x c e s s  o f  12  p e r  c e n t  h y d r o c h lo r ic  a c id ,a n d  a 
s o l u t i o n  o f  p h lo r o g lu c in o l  i n  w ater  was added t o  th e  
d i s t i l l a t e , which c o n ta in e d  th e  p e n to s e  a s  fu r fu r a l .T h e  
r e s u l t i n g  p r e c i p i t a t e  o f  p h lo r o g lu c id e  v/hich s e t t l e d
(3 9 )
o u t  i n  about t w e n t y - fo u r  hours was c o l l e c t e d , d r i e d  
and w e ig h ed .
0 .8 4 8  grams gave 0 .0 5 6  grams o f  p h lo r o g l u c i d e , v/hich 
c o r r e sp o n d s  v /ith  0 .0 5 4 6  grams o f  p e n to sa n .
P en tosan  = 1 1 .2 7 ^
E xperim ent ( 3 ) .
Experim ent (1 )  v/as r e p e a te d  w ith  10
grams o f  c e l l u l o s e , but 96 hours were a l lo w e d  to
e l a p s e  b e fo r e  th e  s o l u t i o n  v/as poured i n t o  v /a te r .
In  t h i s  in s t a n c e  a l a r g e r  p r o p o r t io n  o f  th e  s o l i d
p ro d u ct  o f  a c e t o l y s i s  v/as s o lu b le  in  h ot  e t h y l  a l c o h o l ,
but a g a in  no t r a c e  o f  c r y s t c i l l i n e  m a te r ia l  was o b serv ed
P e n to s e  e s t im a t io n  on th e  s o l i d  p rod u ct o f  a c e t o l y s i s
0 . 9 843  grams gave 0 .0 3 6 2  grams o f  p h lo r o g lu c id e , v/hich
c o r r e sp o n d s  vrLth 0 .0 3 6 9  grams o f  p e n to sa n .
P en tosan  = 8 .2 6 ^
E xam in ation  o f  t h e  aqueous f i l t r a t e  from E xp er im en t( 2 ) .
The t o t a l  f i l t r a t e  amounted t o  4 2 5 cc .
A s o l u t i o n  o f  p h lo r o g lu c in o l  v/ao added t o  2 5 c c .o f
th e  f i l t r a t e , b u t  no p h lo ro  g lu  c id e  v/as form ed.The
f i l t r a t e  was nov/ b o i l e d  under r e f l u x  v/ith 12 p er  cen t
h y d r o c h lo r ic  a c id  f o r  an h o u r ,a f t e r  which th e  a d d i t io n
o f  a s o l u t i o n  o f  p h lo r o g lu c id o l  e f f e c t e d  im m ediate
p r e c i p i t a t i o n  o f  p h l o r o g lu c id e .
(40 )
B O cc.of f i l t r a t e  y i e l d e d  0 ,0 6 8 8  rrams o f  p h l o r o g l u c i d e , 
which co r re sp o n d s  w ith  0 .0 6 8  g ra n s  o f  p en to sa n .T h e  
t o t a l  f i l t r a t e  t h e r e f o r e  c o n ta in e d  0 .5 8 2  g ra n s  o f  
p e n to sa n ,a n d  th e  s o l i d  p rod u ct o f  a c e t o l y s i s  c o n ta in e d  
0 .8 2 0  gran s o f  p e n t o s a n ,s o  t h a t  th e  t o t a l  anount o f  
p e n to sa n  accou n ted  f o r  i s  1 .4 0 8  gram s,w hereas th e  
o r i g i n a l  m a t e r ia l  c o n ta in e d  2 grams o f  p e n t o s a n . l t  
would t h e r e f o r e  appear t h a t  a l i t t l e  p en to sa n  i s  
d e s tr o y e d  and l o s t  d u r in g  a c e t o l y s i s .
THE ÉLIIIIITATION OF THE PENTOSM CONSTITUENT 
OF ESPARTO CELLULOSE.
Normal e s p a r to  c e l l u l o s e , c o n t a in in g  20 p er  c e n t  o f  
pentosan ,W as h e a te d  a t  DO®with a 12 p er  c e n t  s o l u t i o n  
o f  sodium h y d ro x id e  f o r  e i g h t  or  n in e  h o u r s ,T h is  
tr e a tm e n t  was re p e a te d  ( th r e e  t im e s )  u n t i l  th e  washed  
and d r ie d  r e s id u e  y i e l d e d  o n ly  s l i g h t  t r a c e s  o f  f u r f u r a l  
on d i s t i l l a t i o n  w ith  12  p er  ce n t  h y d r o c h lo r ic  a c i d ,
THE ACETOLYSIS OF EXTRACTED ESPARTO CELLULOSE.
(a )  Tv/o grams o f  f i n e l y  d iv id e d  c e l l u l o s e  were added  
t o  a m ixtu re  c o n t a in in g  2 0 c c .o f  a c e t i c  anhydride and 
3 c c , o f  c o n c e n tr a te d  s u lp h u r ic  a c id .T h e  tem p eratu re  o f
I y
( 4 1 )
t h e  iDixture was r a i s e d  to  120%and th e  c e l l u l o s e  
d i s s o l v e d  im m ed ia te ly  .VTlien th e  l i q u i d  was d ark -red  
i n  c o l o u r , i t  wsis poured in t o  an e x c e s s  o f  d i s t i l l e d  
w a ter  and a d i r t y  brown powder vras p r e c i p i t a t e d .
On d i s s o l v i n g  a l i t t l e  o f  t h i s  powder i n  h o t  a l c o h o l ,  
and exam ining a drop o f  th e  s o l u t i o n  m i c r o s c o p i c a l l y ,  
c h a r a c t e r i s t i c  c r y s t a l s  o f  c e l l o b i o s e  o c t a c e t a t e  V 
were ob served .T h e  y ie ld ,h o w e v e r ,w a s  very  s m a l l .
(b )  Two grams o f  f i n e l y  d iv id e d  c e l l u l o s e  were added 
t o  a m ixtu re  c o n t a in in g  3 ^ c c .o f  a c e t i c  an hydride  
and 5 c c ,o f  c o n c e n tr a te d  s u lp h u r ic  a c i d . I n  t h i s  ca.se 
th e  r e a c t io n  was c a r r ie d  ou t a t  110%and t h e  s o l u t i o n  
was poured i n t o  w ater when i t  was b la c k -r e d  i n  c o l o u r .
On m ic r o s c o p ic  ex a m in a tio n  o f  th e  s o l i d  p r o d u c t ,  
numerous c r y s t a l s  o f  c e l l o b i o s e  o c t a c e t a t e  were 
o b serv ed  and th e  a c e t a t e  was p u r i f i e d  by cry  s t a l l  is a . t  io n  
from e t h y l  a l c o h o l  as  d e s c r ib e d  by Hav/orth and H ir s t  • 
( l o c . c i t . ) .The y i e l d  o f  c e l l o b i o s e  o c t a c e t a t e  amounted 
t o  0 .3 5  gram s,or  1 7 .5  p er  c e n t  o f  th e  w e ig h t  o f  
c e l l u l o s e  u s e d .
( c )  Experiment (b )  was re p e a te d  a t  a tem perature  o f  
115%and th e  y i e l d  o f  c e l l o b i o s e  o c t a c e t a t e  a g a in  
amounted to  0 .3 5  gram s.
(42)
As th e  ahove e x p e r im e n ts  in v o lv e d  a new s e t  o f  
c o n d i t i o n s  f o r  a c e t o l y s i s , d u p l i c a t e  ex p er im en ts  w ith  
normal e s p a r to  c e l l u l o s e  were u n d e r ta k e n ,b u t  i n  no 
c a s e  was any c e l l o b i o s e  o c t a c e t a t e  i s o l a t e d .
THE ACETOLYSIS OF COTTON CELLULOSE.
For p u r p o se s  o f  co m p a riso n ,a n  exp er im en t w ith  c o t t o n  
c e l l u l o s e  was c a r r ie d  o u t  under c o n d i t i o n s  i d e n t i c a l  
w ith  exp er im en t ( c ) , and a  y i e l d  o f  c e l l o b i o s e  
o c t a c e t a t e  was o b ta in e d  which correspon d ed  w ith  
19 p er  centV  o f  th e  w e ig h t  o f  c e l l u l o s e  u s e d .
THE EXAMINATION OF EXTRACTED ESPARTO CELLULOSE.
The e x t r a c t e d  m a t e r ia l ,o b t a in e d  by th e  method d e s c r ib e d  
a b o v e , was d r ie d  f o r  s e v e r a l  days a t  th e  tem p era tu re  
o f  th e  steam  o v e n .
P en to s e  E stim a t i o n .
0 .9 0 5  grams y i e l d e d  0 .0 0 1 2  grams o f  p h lo r o g lu c id e ,  
from which i t  i s  c le s ir  t h a t  th e  p e rc e n ta g e  o f  
p e n to sa n  i s  n e g l i g i b l e .
M o is tu r e .
The m a t e r ia l  was d r ie d  a t  a tem peratu re  o f  l l B ^ u n t i l  
a c o n s ta n t  w e ig h t  was r e c o r d e d .
(43)
1 .9 7 6 4  grams gave a d e c r e a se  o f  0 .0 5 8  gram s.
M oistu re  = 3 .9 ^
Ash.
A w eighed  q u a n t i ty  o f  m a te r ia l  was in c in e r a t e d  i n  a  
p la tin u m  c r u c i b l e ,1 .5 4  grams gave 0 ,0 3 3 9  grams o f  a s h .
Ash = 8 .3 ^
THE ACETYLATION OF EXTRACTED ESPARTO CELLULOSE.
The a c é t y l a t i o n  was c a r r ie d  ou t  e s s e n t i a l l y  i n  
accordance w ith  th e  method o f  ÏÏ .L .B a rn ett  and a t y p i c a l  
exp er im en t i s  d e s c r ib e d  b e lo w .
Experim ent ( 1 ) .
Ten grams o f  dry e x t r a c t e d  e s p a r to  c e l l u l o s e  were 
added t o  B O cc.o f g l a c i a l  a c e t i c  a c id  through  which  
dry c h lo r in e  had been bubbled  f o r  30 s e c o n d s ,8 0 c c .o f  
a c e t i c  anliydride were now added,and su lp hu r d io x id e  
was p a sse d  through  th e  m ixtu re  f o r  one m inute .T he  
tem perature  o f  th e  m ix tu re  r o s e  s p o n ta n e o u s ly  to  30^ 
and a f t e r  h a l f - a n - h o u r  t h e  tem p erature was r a i s e d  t o  
Vb'^and r a p id  m ech a n ica l s t i r r i n g  was employed .A f te r  
f i v e  h o u r s ,d u r in g  which t im e s e v e r a l  a d d i t io n s  o f  
c h lo r in e  and su lp h u r  d io x id e  were made t o  th e  m ix tu r e ,  
th e  c e l l u l o s e  had n ot c o m p le te ly  d i s s o lv e d .T h e  m ixture
( 4 4 )
was a c c o r d in g ly  l e f t  o v e r -n ig h t ,a n d  on th e  fo l lo w in g  
day th e  tr e a tm e n t  vfas r e p e a te d  f o r  f i v e  h ou rs  "before 
com p lete  s o l u t i o n  o f  th e  c e l l u l o s e  was e f f e c t e d .A n  
eq u a l volume o f  ch loroform  v;as now added t o  th e  c l e a r  
v i s c i d  s o l u t i o n , f o l l o w e d  by an e x c e s s  o f  d i s t i l l e d  
w a te r ,a n d  th e  ch loroform  v/as s lo w ly  ev a p o ra ted  o f f .  
During t h i s  o p e r a t io n  th e  m ixture  was s t i r r e d  
o c c a s i o n a l l y , and th e  a c e t a t e  s e p a r a te d  as  a w h ite  
g r a n u la r  powder.The a c e t a t e  was v/ashed f r e e  from 
a c e t i c  a c id  and d r ie d  u n t i l  a c o n s ta n t  w e ig h t  weis 
reco rd ed .T h e  y i e l d  was 16."52 g ra m s,w h ile  th e  t h e o r e t i c a l  
m axim u m ,ca lcu la ted  on th e  b a s i s  o f  a  t r i a c e t a t e  o f  
(C^HygQ,-)jj,is 1 7 .7 0  gram s. A llow in g  f o r  2 .2  per  ce n t  
o f  a s h , th e  p r e s e n t  y i e l d  i s  9 3 . G per c e n t  o f  th e  
t h e o r e t i c c i l  maximum.
Experim ent ( 2 ) .
1 9 .9 3  grams o f  c e l l u l o s e , c o n t a in in g  3 per  ce n t  o f  
m o is tu r e  and 2 .2  per  ce n t  o f  a sh ,w ere  a c e t y l a t e d  a s  
i n  Experim ent ( 1 ) .The y i e l d  o f  a c e t a t e  was 3 0 .7 8  gram s, 
a s  compared w ith  th e  t h e o r e t i c a l  33'.6 gram s,and  
co rresp o n d s  w ith  9 1 .5  per c e n t  o f  th e  t h e o r e t i c a l  
maximum.
Experiment ( 3 ) .
G grams o f  c e l l u l o s e , c o n ta in in g  1 .5  p er  c e n t  o f  m o is tu r e
(45)
and 2 , 2  per  c e n t  o f  a sh ,w ere  a c e t y l a t e d  a s  b e fo r e  
and e la b o r a t e  p r e c a u t io n s  were ta k en  a c a i n s t  l o s s  
o f  m a te r ia l .T h e  y i e l d  o f  a c e t a t e  was 13 g ra m s,w h ile  
t h e  c a l c u l a t e d  y i e l d  was 1 3 .7  gram s,so  t h a t  th e  
p e r c e n ta g e  y i e l d  i s  05 n er  c e n t .
THE EXÆIIhATIOÏT OF EXTRACTED ESPARTO CELLULOSE AGEüifflS.
The m a te r ia l  which was examined was obtadned i n  
Experim ent ( 1 ) .
M o is tu r e .
( a )  0 .9 5 2 6  g ra m s ,d r ie d  a t  l l S ^ u n t i l  a c o n s ta n t  v /e ight  
was r e c o r d e d ,g a v e  a d e c r e a s e  o f  0 .0 1 5 4  grams.
M oisture  = 1 .6 1 ^
(b )  0 .6 7 9 4  grams gave a d e c r e a se  o f  0 .0 0 9 8  grams.
M oistu re  = 1 .4 4 ^
Mean o f  ( a )  and Cb)M oistu re  = 1 .5 0 ^
A sh .
( a )  0 .9 3 7 2  g r a m s , in c in e r a t e d  i n  a p la tin u m  c r u c i b l e ,  
gave 0 .0 0 6 0  grams o f  a sh .
Ash = 0 .64 /j
(b )  0 .6 6 9 6  gram s, in c i n e r a t e d  i n  a p la tin u m  c r u c i b l e ,  
gave 0 .0 0 5 8  grams o f  a sh .
Ash = 0 .8 6 ^
Mean o f  ( a )  and (b ) Ash = 0.75?)
(46)
A c e ty l  E s t im a t io n .
Great d i f f i c u l t y : / ,  was e x p e r ie n c e d  i n  o b ta in in g  a 
r e l i a b l e  e s t im a t io n  o f  th e  a c e t y l  c o n t e n t . I n  th e  
f i r s t  p la c e  th e  a c e t a t e  was d ig e s t e d  w ith  s tan d ard  
a l k a l i  and th e  m ix tu re  was a l lo w e d  t o  s ta n d  o v e r -  
n ig l i t  i n  a s to p p e r e d  f l a s k , b u t  a f t e r  such tr e a tm e n t  
th e  r e a c t i o n  was o b v io u s ly  in c o m p le te .T r ea tm e n t  
w ith  b o i l i n g  a l k a l i  was n e x t  r e s o r t e d  t o .A  w eighed  
q .u an tity  o f  a c e t a t e  was b o i l e d  under r e f l u x  f o r  an 
hour w ith  an e x c e s s  o f  s tan d ard  a l k a l i , b u t  such a 
p ro ced u re  r e s u l t e d  i n  p a r t i a l  d e c o m p o s it io n  o f  th e  
a c e t a t e  and t h i s  ten d ed  t o  g iv e  an a p p a r e n t ly  h ig h  
a c e t y l  p e r c e n t a g e . I t  was hoped t o  o b t a in  a c o r r e c t io n  
f a c t o r  by p er fo rm in g  a b lank  exp er im en t on th e  e x t r a c te d  
e s p a r to  c e l l u l o s e ,but t h i s  was n o t  accom p lish ed  owing  
t o  th e  f a c t  t h a t  th e  c e l l u l o s e  d id  n ot  n e u t r a l i s e  any 
a l k a l i  e v e n  on b o i l i n g  f o r  an h o u r .T h is  may be e x p la in e d  
by th e  f a c t  t h a t  th e  c e l l u l o s e  was prep ared  by b o i l i n g  
w ith  12  p er  c e n t  a l k a l i .T h e  method f i n a l l y  ad opted  %
was p r o lo n g e d  tr e a tm e n t  w ith  s ta n d a rd  a l k a l i  a t  room 
te m p e ra tu r e .T h e  a c e t a t e  was k ep t  i n  c o n ta c t  w ith  
a s o l u t i o n  o f  sodium h yd rox id e  f o r  72  h o u r s .
0 .4 3 5 9  grams were d ig e s t e d  w ith  5 0 c c .o f  0 .2 0 6  Normal
(47)
BocTi-QiD hyd.ro x i  de . SB • lu c c  . o f  0 .3 0 6  îîorviial h y d r o c h lo r ic  
a c id  v /erereq u ired  t o  n e u t r a l i s e  th e  m ixture .The 
a c e t a t e  had t h e r e f o r e  n e u t r a l i s e d  2 1 ,8 5 c c .o f  0 .2 0 6  
Normal sodium h y d r o x id e .
A c e ty l  (a s  a c e t i c  a c i d )  = 6 2 ^ / 
C e l l u lo s e  T r ia c e t a t e  r e q u ir e s  A c e ty l  = 6 2 . CluJXc CüuÀ^
Carbon and Ilydror.en.
As th e  p r o c e s s  o f  d r y i n g  th e  a c e t a t e  vras d i f f i c u l t  
t o  ca r ry  o u t  w ith o u t  s l i g h t  d e c o m p o s it io n  o f  th e  
m a t e r i a l , a  sp ec im en  o f  known m o is tu r e  c o n te n t  was 
a n a ly se d  d i r e c t l y , a n d  th e  n ec e s s  FT y c o r r e c t io n s  
made f o r  th e  w e ig h t  o f  a c e t a t e  ta k e n  and th e  w e ig h t  
o f  w ater  o b tc i in ed .
0 .1 6 6 7  g r a m s ,c o n ta in in g  1 .5  per c e n t  o f  w ater and 
0 .7 5  per  c e n t  o f  a s h , i . e .0 .1 6 2 9  grams gave 0 .2 9 8 3  
grams o f  carbon  d io x id e  and 0 .0 8 4 8  grams o f  v /a te r .
The c o r r e c t e d  w e ig h t  o f  w ater i s  0 .0 0 2 3  gram s.
F ou n d :-  C = H = Fi.61^
C e l lu lo s o  t r i a c s t a t e  r e q u i r e s ; -  C = 50 .00^  H = 5 .5 5 ?j
(4 8 )
THE SIMULTANEOUS HYDROLYSIS AITD COITDEITSATIOM OF EXTRACTED 
ESPARTO CELLULOSE TRIACETATE V7ITH ACID METHYL ALCOHOL
IH SEALED TUBES.
The a c e t a t e  was s u b j e c t e d  t o  tr e a tm e n t  w ith  a c id  
m ethy l a l c o h o l  i n  s e a le d  t u b e s ,b u t  was found t o  be 
e x tr e m e ly  r é s i s t e n t , and i n  th e  m a jo r ity  o f  c a s e s  
i t  o n ly  p a r t i a l l y  d i s s o l v e d .
Summary o f  E x p e r im e n ts .
(1 )  4 .5 4 2 6  .{^ rrtms o f  a c e t a t e  were t r e a t e d  w ith  5 0 c c .  
o f  m eth y l a l c o h o l  c o n t a in in r  1 p er  c e n t  o f  hydroren  
c h lo r id e .T h e  tu b e  was h e a te d  f o r  120 h ours a t  120®
A deep-brown c o lo u r  d ev e lo p e d  and th e r e  was a la r g e  
r e s id u e  o f  u n d is s o lv e d  m a t e r i a l .
(2 )  2 .0 0  grams o f  a c e t a t e  were t r e a t e d  w ith  5 0 c c .  
o f  m eth y l a l c o h o l  c o n t a in in g  3 p er  c e n t  o f  hydrogen  
c h lo r id e .T h e  tu b e  was h e a te d  f o r  200 h ours  a t  130® 
Charring to o k  p la c e  and t h e r e  was a la r g e  s o l i d  
r e s id u e  a t  t h e  end o f  th e  ex p er im en t.T h e  hydrogen  
c h lo r id e  c o n c e n t r a t io n  may have b een  e x c e s s i v e , and 
th e  r e s id u e  was p rob ab ly  n o t  u n d is s o lv e d  m ateria l^  
but humic a c id  which had b een  formed i n  th e  co u rse  
o f  th e  r e a c t i o n .
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( 3 )  4 .0 0  craiüc o f  a c e t a t e  were t r e a t e d  w ith  7 5 c c .
o f  m eth y l a lc o h o l  c o n t a in in g  1 .5  p er  c e n t  o f  hydrogen  
c h lo r id e .T h e  tu b e  was h e a te d  f o r  70 h ou rs  a t  120®
In  t h i s  e x p er im en t  very  l i t t l e  c o lo u r  d e v e lo p e d  and 
t h e r e  woæ p r a c t i c a l l y  no s o l i d  r e s id u e  .The s o l u t i o n  
was t h e r e f o r e  n e u t r a l i s e d  w ith  s i l v e r  o x i d e , f i l t e r e d  
and e v a p o r a te d  t o  d ry n ess ,w h en  a  dark and o n ly  p a r t i a l l y  
c r y s t a l l i n e  syrup  was o b t a in e d .T h is  syrup w eighed
2 . 2  grams and correspon d ed  w ith  8 3 .5  p er  ce n t  o f  th e  
t h e o r e t i c a l  maximum,an amount which \73jb c a l c u l a t e d  
on  th e  a ssu m p tio n  t h a t  th e  a c e t a t e  was c o m p le te ly  
composed o f  g lu c o s e  r e s id u e s ,B y  r e c r y s t a l l i s i n g  t h i s  
syrup  from e t h y l  a c e t a t e , c r y s t a l l i n e  m e th y lg lu c o s id e  
was o b ta in e d  c o r re sp o n d in g  w ith  42 p er  c e n t  o f  th e  
t h e o r e t i c a l  maximum,
( 4 )  4 .0 0  grams o f  a c e t a t e  were d i s s o l v e d  i n  4 0 c c .  
o f  ch loroform  i n  a C arius tu b e ,a n d  4 0 c c .o f  m ethyl  
a lc o h o l  were su b s e q u e n t ly  a d d e d ,a lo n g  w ith  s u f f i c i e n t  
a c id  m ethy l a lc o h o l  to  g iv e  a  1 p er  c e n t  hydrogen  
c h lo r id e  c o n c e n tr a t io n .T h e  m ethy l a l c o h o l  p r e c i p i t a t e d  
t h e  a c e t a t e  a s  a j e l l y  and i t  was hoped t h a t  i n  t h i s  
form th e  a c e t a t e  would r e a c t  more r e a d i l y  w ith  th e
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a c id  iDethyl a l c o h o l . A fte r  h e a t in g  f o r  10 h ou rs  a t  
8 0 ^ to  90®very  l i t t l e  change was n o t ic e d ,a n d  a f t e r  a 
f a r t h e r  40 h o u rs  a t  140° a c o n s id e r a b le  q u a n t i ty  
s t i l l  r e g a in e d  u n d i s s o l v e d . Very l i t t l e  c o lo u r  
d e v e lo p e d  but th e  s o l i d  r e s id u e  w eighed 0 .4 5  grains 
and appeared t o  be iDcd.nly r e g e n e r a te d  c e l l u l o s e .
The n e u t r a l i s e d  s o l u t i o n  y i e l d e d  2 .1 7  grams o f  a  
syrup  which a g a in  was very  dark i n  c o lo u r  and o n ly  
p a r t i a l l y  c r y s t e i l l in e .T h e  m ethoxy l c o n te n t  o f  th e  
syru p  was 1 1 .7  p er  c e n t ,w h i l e  m e th y lg lu c o s id e  
r e q u ir e s  a m eth o x y l c o n te n t  o f  1 5 .9 5  p er  c e n t ,
TIIE HYDROLYSIS OP EXTRACTED ESPARTO CELLULOSE TRIACETATE 
WITH HIGH CONCENTRATIONS OF HYDROGEN CHLORIDE.
3 .5 2 9 8  grams o f  a c e t a t e  were suspended  i n  lO O cc .o f  
pure m ethyl a l c o h o l ,a n d  dry hydrogen  c h lo r id e  Has 
p a s s e d  i n t o  th e  s o l u t i o n  u n t i l  i t  was s a tu r a te d .T h e  
m ix tu re  was k e p t  i n  a s to p p e r e d  f l a s k  f o r  s i x  d a y s ,  
d u r in g  which t im e  i t  was f r e q u e n t ly  sh a k en ,a n d  a t  
th e  end o f  t h i s  t im e  o n ly  a v ery  s l i g h t  s o l i d  r e s id u e  
(O .lgram ) r e m a in e d , w h ile  th e  c o lo u r  o f  th e  s o l u t i o n  
was g o ld e n -b r o w n .In  ord er  t o  e l im i n a t e  th e  e x c e s s  
o f  hydrogen  c h l o r i d e , t h e  f i l t e r e d  s o l u t i o n  was ev a p o ra ted
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t o  about h a l f - b u l k  under c l ia in io h e d  p r e s s u r e , s i f t e r  
which f r e s h  s e t h y l  a l c o h o l  was added and th e  p r o c e s s  
was r e p e a t e d . N e u t r a l i s a t i o n  o f  th e  s o l u t i o n  by n ea n s  
o f  s i l v e r  o x id e  was f o l lo w e d  by c h a r c o a l  tr e a tm e n t  
i n  o rd er  t o  e f f e c t  c l a r i f i c a t i o n , a n d  on e v a p o r a t in g  
th e  s o l u t i o n  t o  d r y n e ss  i n  a tt ired  f l a s k , 1 ,0 9 5 4  grams 
o f  a  syrup  were o b ta in e d ,w h ic h  c r y s t a l l i s e d  c o m p le te ly  
on n u c l é a t i o n  w ith  m e t h y lg lu c o s id e .T h is  y i e l d  i s  G 4.3  
p er  c e n t  o f  t h e  t h e o r e t i c a l  maJcLmum.
Anal7/ s i s  o f  th e  m e t h y lr lu c o s id e  o b ta in e d  .
Z e i s e l  E s t im a t io n .
0 ,1 5 2 1  grams gave 0 ,1 5 9 0  grams o f  s i l v e r  i o d i d e ,
M ethoxvl = 1 3 .8 ^ x  
l i e t h y l g l u c o s i d e  r e q u ir e s  M ethoxvl = 1 5 .9 ^
Carbon and H ydrogen ,
P ou n d :-  C = n = 7 .S P j
R e q u ir e d : -  C = H = 7 . 3 3 ‘.
( 5 8 )
ANALOGOUS EXPERI?.!^ÏÏTS WITH COTTON CELLULOSE.
For t h e  purpose  o f  c o a p a r i s o n ,c o t t o n  c e l l u l o s e  was 
now t r e a t e d  w ith  a 18 p e r  c e n t  s o l u t i o n  o f  sodiuD  
h y d r o x id e  f o r  n in e  h o u rs  a t  90°
THE ACETYLATION OF EXTRACTED COTTON C%LULOSE.
The e x t r a c t e d  c o t t o n  c e l l u l o s e  was a c e t y l a t e d  i n  
a ccord an ce  w ith  th e  laethod o f  B a r n e t t ,a n d  th e  r e a c t io n  
was found t o  p ro ce ed  n o rm a lly  w ith o u t  th e  a id  o f  
m e c h a n ic a l  s t i r r i n g ; , t h e  c e l l u l o s e  d i s s o l v i n g  
c o m p le te ly  i n  f i v e  h o u r s ,9 .6 8  crams o f  c e l l u l o s e  
y i e l d e d  1 5 .6 8  grams o f  dry a c e t a t e ,a n d  as  th e  t h e o r e t i c a l  
y i e l d  o f  a t r i a c e t a t e  i s  1 7 .8  g r a m s , t h i s  co r r e sp o n d s  w ith  
9 0 .1  p er  c e n t  o f  th e  t h e o r e t i c a l  maximum.
THE SIMULTANEOUS HYDROLYSIS AND CONDENSATION OF EXTRACTED 
COTTON CELLUTjOSE TRIACETATE WITH ACID METHYL ATiCOHOL.
The e x p e r im e n ts  were c a r r ie d  o u t  i n  th e  manner vrhich 
h a s  a lr e a d y  "been d e s c r ib e d  f o r  e x t r a c t e d  e s p a r to  
c e l l u l o s e  a c e t a t e .
Summary o f  E x p e r im e n ts .
(1 )  4 .0 5 7 8  crams o f  a c e t a t e  were h e a te d  w ith  5 0 c c .  
o f  m eth y l a l c o h o l  c o n t a in in g  1  p er  c e n t  o f  hydrogen
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o h l o r id e f o r  120 h o u r s  a t  120°.A la r ^ e  r e s id u e  ( 0 .7 6 7 cram ) 
o f  u n d is s o lv e d  m a t e r ia l  rem ained ,T he ex p er im en t was 
o b v io u s ly  in c o m p le te  and o n ly  1 .6 3  crams o f  c r y s t a l l i n e  
m e t h y lg l u c o s id e ,o r  5 0 .7  p e r  c e n t  o f  th e  t h e o r e t i c a l  
maximum,were i s o l a t e d .
( 2 )  4 .0 5 9 0  craJns o f  a c e t a t e  were h e a te d  w ith  5 0 c c .  
o f  m eth y l a l c o h o l  c o n t a in i n g  3 per  c e n t  o f  hydrogen  
c h lo r id e  f o r  120 h o u rs  a t  120^P r a c t i c a l l y  no c o lo u r  
d e v e lo p e d  i n  t h i s  e x p e r im e n t , b u t t h e r e  was a s l i g h t  
g e l a t i n o u s  r e s id u e  which w eigh ed  0 .2 7 2 6  grams.The  
y i e l d  o f  c r y s t a l l i n e  m e t h y lg lu c o s id e  was 2 .2 4 7 0  gram s, 
o r  8 2 . 2  per  c e n t  o f  th e  t h e o r e t i c a l  maximum.
(3 )  2 .7 7 6 8  grams o f  a c e t a t e  were t r e a t e d  w ith  a h ig h  
c o n c e n t r a t io n  o f  hydrogen c h l o r i d e  i n  th e  manner 
a lr e a d y  in d ic a t e d .T h e  s o l i d  m a t e r ia l  which f a i l e d  t o  
d i s s o l v e  was i n  t h i s  c a se  n e g l i g i b l e , and 1 .5 7 2 4  grams 
o f  c r y s t a l l i n e  m e t h y l g l u c o s i d e , o r  8 4 .1  p er  c e n t  o f  
th e  t h e o r e t i c a l  maximum,were i s o l a t e d .
(54 )
PART TWO.
THE STRUCTURAL BASIS OP COTTOIT CELLULOSE.
The terni ’’a c e t o l y s i s ” i s , i n  g e n e r a l , a p p l ie d  to  t h e  p r o c e s s  
which a c c o m p lis h e s  th e  h y d r o l y t i c  c le a v a g e  o f  com plex  
c a r b o h y d r a te s  by means o f  a c i d s  i n  th e  p r e se n c e  o f  
a c e t y l a t i n g  r e a g e n t s  which e f f e c t  s im u lta n e o u s  
e s t é r i f i c a t i o n  o f  t h e  h y d ro x y l grou p s,T h e numerous 
a c e t o l y t i c  s t u d i e s  o f  c o t t o n  c e l l u l o s e  may w e l l  be 
d e s c r ib e d  a s  a development^ o f  th e  fundam ental o b s e r v a t io n s  
made by Skraup and h i s  c o l l a b o r a t o r s , who f i r s t  shewed  
t h a t  th e  s e r i e s  o f  r e a c t i o n s  may be a r r e s t e d  a t  a 
s t a g e  when c e l l o b i o s e  o c t a c e t a t e  i s  a d e f i n i t e  p r o d u c t . 
P r a n c h im o n t , (B e r . , 1 2 , 1 0 7 9 , 1 9 4 1 . ) , was th e  f i r s t  i n v e s t i g a t o r  
t o  i s o l a t e  c e l l o b i o s e  o c t a c e t a t e , but he f a i l e d  t o  
r e c o g n is e  i t  a s  su c h ,a n d  c h a r a c t e r i s e d  i t  a s  a t r i g l u c o s e  
which c o n ta in e d  e l e v e n  a c e t y l  groups.Som e tw en ty  y e a r s  
l a t e r  ,S liraup , ( B e r , ,  3 2 , 1B99, 2 4 1 3 ) ,who r e p e a te d  th e  work 
o f  F ra n ch im o n t,o b ta in e d  th e  same c r y s t a l l i n e  compound, 
and q u e s t io n e d  th e  c o n s t i t u t i o n  p o s t u la t e d  by th e  
l a t t e r . H e  s u g g e s t e d  t h a t  Franchimont^ " e l f fa c h  
a c e t y l i p r t e  T r ig lu k o se " w a s  an a c e t y l a t e d  d e r i v a t i v e  
o f  a h ex o se  ,a  s u g g e s t io n  which he su b s e q u e n t ly
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c o n t r a d ic t e d ,v /h e n , in  c o l l a b o r a t i o n  w ith  K o n ig , ( B e r . ,
3 4 , 1 9 0 1 , 1?_15 ) ,he d e f i n i t e l y  e s t a b l i s l i e d  t h e  c o n s t i t u t i o n  
o f  t h e  compound a s  t h a t  o f  th e  o c t a c e t a t e  o f  a  b io  s e .
The d e g r a d a t io n  o f  c e l l u l o s e  t o  c e l l o b i o s e  o c t a c e t a t e  
by a c e t o l y s i s  i s  now a w e l l - e s t a b l i s h e d  r e a c t i o n  and 
i t  i s  o f  s p e c i a l  im p o r ta n c e , b eca u se  i n v e s t i g a t i o n s  
i n  t h i s  d i r e c t i o n  have thrown l i g h t  on t h e  mechanism  
o f  t h e  p r o c e s s e s  o f  h y d r o l y s i s  and a c é t y l a t i o n .
The work o f  X le i n , ( Z t s .a n g .C h e m . ,1 9 1 2 ,2 5 ,1 4 0 9 ) ,  
who s t u d i e d  th e  a c e t o l y s i s  o f  c e l l u l o s e  by means o f  
a m ix tu re  c o n s i s t i n g  o f  80 p e r  c e n t  o f  a c e t i c  anhydride  
and 20 p er  c e n t  o f  s u lp h u r ic  a c i d , i s  o f  s p e c i a l  i n t e r e s t  
i n  t h i s  c o n n e c t io n ,H e  c la im e d  t o  have o b ta in e d  y i e l d s  
o f  c e l l o b i o s e  o c t a c e t a t e  c o r r e sp o n d in g  w ith  60 per  
c e n t  o f  th e  w e ig h t  o f  c e l l u l o s e  u se d ,a n d  n o t e d , t h a t  
i n  a d d i t i o n  t o  t h e  o c t a c e t a t e , b y -p r o d u c ts  o f  two 
d i s t i n c t  t y p e s  were form ed,He n o t  i n f r e q u e n t l y  found  
a f t e r  p r e c i p i t a t i o n  and f i l t r a t i o n o f  th e  p r o d u c ts  
i n s o l u b l e  i n  w a t e r , t h e  aqueous m other l i q u o r s  c o n ta in e d  
compounds which co rresp o n d ed  i n  w e ig h t  w ith  about  
40 p er  c e n t  o f  th e  c e l l u l o s e  u se d .S u c h  compounds have  
n o t  b een  s y s t e m a t i c a l l y  ex a m in ed ,b u t  from a g e n e r a l  
stu d y  o f  t h e i r  p r o p e r t i e s , K l e i n  s u g g e s t e d  t h a t  th e y
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were p ro b a b ly  a c e t o - s u l p l i a t e s  o f  c e l l o b i o s e  o r  c l u c o s e . 
From th e  p o in t  o f  v iew  o f  c e l l u l o s e  s t r u c t u r e ,h o w e v er , 
more im p ortan ce  a t t a c h e s  to  th e  o th e r  ty p e  o f  by­
p ro d u c t  ;which was o b ta in e d  from th e  p r o d u c ts  i n s o l u b l e  
i n  w a t e r , a f t e r  rem oval o f  c e l l o b i o s e  o c t a c e t a t e  by 
c r y s t a l l i s a t i o n  from e t h y l  a l c o h o l .T h i s  b y -p ro d u c t  
proved  t o  be a mijrture o f  c e l l u l o s e  d e x t r in  a c e t a t e s  
o f  v a r y in g  c o m p le x i t y , and by a c a r e f u l  f r a c t i o n a t i o n ,  
K le in  was a b le  t o  shew t h a t  t h e s e  a c e t a t e s  p o s s e s s e d  
s p e c i f i c  r o t a t i o n s  r a n g in g  from +11^t o  +34*^i n  ch loro form  
s o lu t io n .F r o m  t h i s  i t  appeared  p ro b a b le  t h a t  th e y  
were in t e r m e d ia t e  p r o d u c ts  i n  th e  d i s r u p t i o n  o f  th e  
c e l l u l o s e  m o l e c u l e .
S c h l i e m a n n , ( A n n . ,1 9 1 1 ,3 7 0 ,3 6 6 ) , i n  a s i m i l a r
i
i n v e s t i g a t i o n , v / a s  a l s o  o f  th e  o p in io n  t h a t  th e  amorphous 
b y -p r o d u c ts  were t h e  im m ediate p r e c u r s o r s  o f  c e l l o b i o s e  
o c t a c e ta t e .F r o m  t h e  g e n e r a l  c o u r se  o f  such  e x p e r im e n ts ,  
a c e t o l y s i s  ap p ea rs  t o  a c t  i n  a s e r i e s  o f  somewhat i l l -  
d e f in e d  s t e p s ,a n d  th e  p o s s i b i l i t y  o f  o b t a in in g  t r u e  
d ep o lym ers o f  c e l l u l o s e  by t h i s  method i s  a t  l e a s t  
v/orthy o f  c o n s i d e r a t i o n .
The manner and numbers i n  which th e  "m olecu lar  
u n i t s "  o f  c e l l u l o s e  p o ly m e r is e  t o  g iv e  th e  com plex  
m o le c u le  i s  unknown,but i f  f o r  th e  sake o f  i l l u s t r a t i o n
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o n l y , t h e  c e l l u l o s e  m o le c u le  i s  regard ed  a s  a s e r i e s  
o f  u n i t  l i n k s , i t  was hoped t h a t  by a m o d if ie d  p r o c e s s  
o f  a c e t o ly s i s ,c o m p o u n d s  m ight he o b ta in e d  which would  
c o r r e sp o n d  w ith  o n e , t w o ,o r  s e v e r a l  com p lete  l i n k s  
i n  th e  f u l l y  a c e t y l a t e d  c o n d it io n .W ith  t h i s  aim i n  
v i e w , s e v e r a l  ex p er im e n ts  were c a r r ie d  o u t  t o  d e term in e  
th e  most s u i t a b l e  c o n d i t i o n s  o f  t i m e , t e m p e r a tu r e , 
and c o n c e n t r a t io n  o f  th e  a c e t o l y s i s  r e a g e n t s ,  vdiich 
would r e s u l t  i n  a s lo w  smooth r e a c t i o n , t o g e t h e r  w ith  
th e  maximum d e g r a d a t io n  o f  th e  c e l l u l o s e  m o le c u le ,  
s h o r t  o f  th e  fo r m a tio n  o f  c e l l o b i o s e  o c t a c e t a t e .
The scheme may be i l l u s t r a t e d  by r e f e r e n c e  
t o  t h e  f o l l o w i n g  diagrajum atic r e p r e s e n t a t io n  o f  th e  
com p le te  a c e t o l y s i s  o f  c e l l u l o s e .
C e l l u l o s e  :> A c e ty la te d  C e l l u lo s e  D e x tr in s
  ^ (X)
T» C e l lo b io s e  O c ta c e ta te
G lu cose P e n t a c e t a t e .
The i n v e s t i g a t i o n  t h e r e f o r e  d e a l s  w ith  th e  e x p l o r a t i o n  
o f  th e  unknown s t a g e s  in d e x e d  a s  (X ).T he e x p e r im e n ts  are  
d e s c r ib e d  i n  d e t a i l  i n  th e  e x p e r im e n ta l  p a r t  o f  t h i s  
t h e s i s , a n d  i t  i s  s u f f i c i e n t  to  s t a t e  h e r e , t h a t  i n  th e  
method o f  p roced u re which was f i n a l l y  a d o p te d , c o t t o n
( 5 8 )
c e l l u l o s e  was t r e a t e d  w ith  a m ix tu re  o f  a c e t i c  anhyd ride  
and s u lp h u r ic  a c id  i n  th e  r a t i o  o f  5 .9  p a r t s  by w e ig h t  
t o  1 p a r t  by w eig h t  a t  a  tem p eratu re  o f  15®
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The s o l i d  p ro d u c t  o f  a c e t o l y s i s  was a b e a u t i f u l  w h ite  
amorphous pow der,and  numerous m ic r o s c o p ic  e x a m in a t io n s ,  
which were c a r r ie d  o u t  on sam ples  from d i f f e r e n t  
e x p e r im e n t s , gave no i n d i c a t i o n  o f  th e  p r e s e n c e  o f  
c r y s t a l l i n e  m a tte r ,T h e  g e n e r a l  p r o p e r t i e s  o f  th e  product  
i n d i c a t e d  d e f i n i t e l y  t h a t  c o n s id e r a b le  d e g r a d a t io n  o f  
th e  c e l l u l o s e  m o le c u le  had ta k e n  p la c e ,a n d  were i n  
sharp  c o n t r a s t  t o  t h e  p r o p e r t i e s  o f  a  normal a c e t a t e  o f  
c e l l u l o s e . T h e  hard c r i s p n e s s , t y p i c a l  o f  c o t t o n  c e l l u l o s e  
t r i a c e t a t e , had g iv e n  p la c e  t o  a s o f t  f la k in e s s .M o r e o v e r ,  
th e  degraded  m a t e r ia l  shewed a much w id er  range o f  
s o l u b i l i t i e s ; p o s s e s c e d  a  d i s t i n c t  a lth o u g h  i l l - d e f i n e d  
m e lt in g  p o in t  ; and was d e x t r o - r o t a t o r y , i n  c o n t r a d i s t i n c t i o n  
t o  th e  normal a c e t a t e  which i s  l a e v c - r o t a t o r y .
E lem entary  a n a ly s e s  gave r e s u l t s  which corresp on d ed  
c l o s e l y  w ith  th e  d a ta  r e q u ir e d  f o r  a t r i a c e t a t e  o f  
c e l l u l o s e , but i t  was n e c e s s a r y  t o  modigy t h i s  v iew
( 5 9 )
h a v in g  r e g a r d  t o  th e  f a c t  t h a t  th e  degraded  m a t e r ia l  
red u ced  F e h l i n g ' s  S o l u t i o n . Q u a n t i t a t iv e  e x p e r im e n ts  
w ith  F e h l in g * s  S o l u t i o n  were c a r r ie d  o u t  b e fo r e  and 
a f t e r  a c id  h y d r o l y s i s  o f  th e  p r o d u c t ,a n d  th e  r a t i o  o f  
th e  cop p er o x id e  formed i n  th e  two e x p e r im e n ts  \/as a s
2 .2  i s  t o  1 .
I t  must be rem em b ered ,h o w ev er ,th a t  i n  d e a l in g  
w ith  a  d e g r a d a t io n  p ro d u c t  o b ta in e d  by th e  a c e t o l y s i s  
o f  c e l l u l o s e , th e  g r e a t e s t  c a u t io n  must be e x e r c i s e d  i n  
th e  i n t e r p r e t a t i o n  o f  a n a l y t i c a l  d a ta ,T h e  t h e o r e t i c a l  
p o s s i b i l i t i e s  are so  numerous a s  t o  re n d er  th e  fo r m u la t io n  
o f  a d e f i n i t e  h y p o t h e s i s  a t  t h i s  s t a g e  n o th in g  more 
th a n  s p e c u la t io n ,a n d  f o r  t h i s  r e a so n  i t  a p p ea rs  d e s i r a b l e  
t o  p a s s  from a d i s c u s s i o n  o f  th e  a c e t y l a t e d  p r o d u c t ,  
and t o  d e a l  f i r s t  w ith  t h e  c o n s t i t u t i o n a l  s tu d y  o f  th e  
p a r e n t  ca r b o h y d ra te  o r  c a r b o h y d r a t e s . The n a tu re  o f  
th e  a c e t y l a t e d  p ro d u ct  may th e n  be d i s c u s s e d  i n  th e  
l i g h t  o f  c o n s t i t u t i o n a l  e v id e n c e  and i t  i s  hoped t h a t  
th e  argument c o n ta in e d  i n  t h i s  t h e s i s  may th u s  be 
p r e s e n te d  i n  a more c o h e r e n t  and l o g i c a l  manner.
( 6 0 )
THE HYDROLYSIS OF THE ACETYT.A^ T^ D PRODUCT.
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As a p r e l im in a r y  t o  th e  c o n s t i t u t i o n a l  s tu d y  o f  th e  
c a r b o h y d r a te s  which form t h e  b a s i s  o f  th e  a c e t y l a t e d  
p r o d u c t , i t  was c o n s id e r e d  n e c e s s a r y  t o  e l im i n a t e  th e  
a c e t y l  g rou p s by h y d r o l y s i s , and th u s  i s o l a t e  th e  
p a r e n t  compound.With a v iew  t o  p r e p a r in g  th e  d e a c e t y la t e d  
p ro d u ct  i n  q u a n t i t y , e x p e r im e n ts  were u n d ertak en  i n  
which aqueous c a u s t i c  sod a  was u sed  a s  th e  h y d r o ly t i c  
a g e n t , but th e  problem  was c o m p lic a te d  by th e  s i g n i f i c a n t  
f a c t  t h a t  t h e  d e a c e t y l a t e d  p ro d u ct  was s o l u b l e  i n  
vrater.A  s e p a r a t io n  o f  t h i s  s o l u b l e  p r o d u c t ,e v e n  i f  
s i m p l i f i e d  by th e  u s e  o f  barium h yd rox id e  i n  p la c e  o f  
sodium h y d r o x id e  a s  th e  h y d r o l y t i c  agent^w ould  in v o lv e  
a t e d i o u s  and tr o u b le so m e  s e r i e s  o f  o p e r a t io n s ,a n d  i n  
o r d e r  t o  a v o id  t h i s , i f  p o s s i b l e , a t te m p ts  were made t o  
m e th y la te  t h e  a c e t y l a t e d  p ro d u c t  d i r e c t l y  by means o f  
d im e th y l  s u lp h a te  and sodium h y d r o x id e . I t  sh o u ld  be 
n o t e d , h o w ev er , t h a t  i n  a d d i t i o n  t o  th e  main p rod u ct o f  
h y d r o ly s i s w h ic h  was s o l u b l e  i n  w a te r ,s m a l l  amounts o f  
i n s o l u b l e  m a t e r ia l  were i s o l a t e d , w h i c h  were shewn t o  
c o r re sp o n d  e m p i r i c a l l y  w ith  t h e  fo rm u la  ( ^ , and 
which u n d o u b ted ly  r e p r e s e n t  h ig h e r  s t a g e s  i n  th e  
d e g r a d a t io n  o f  th e  c e l l u l o s e  m o l e c u l e .
(61 )
HE DIRKC? METHYLATION OF THE PRODUCT OF ACETOLYSIS.
The d i r e c t  m é t h y la t io n  o f  th e  a c e t y l a t e d  p rod uct  
in v o lv e d  t h e  e l i m i n a t i o n  o f  th e  a c e t y l  groups and t h e i r  
p a r t i a l  su b se q u e n t  re p la cem en t  w ith  m eth oxy l i n  one 
o p e r a t io n ,a n d  f o r  t h i s  p u r p o s e , th e  u se  o f  d im e th y l  
s u lp h a t e  and sodium h y d r o x id e  appeared  t o  be e m in e n t ly  
s u i t a b l e ,T h e  e x p e r im e n ta l  c o n d i t i o n s  which were adopted  
are  f u l l y  d e s c r ib e d  i n  th e  e x p e r im e n ta l  p a r t  o f  t h i s  
t h e s i s , a n d  t h e  method proved  t o  be q u i t e  s u c c e s s f u l  i n  
th e  ca se  u nder d i s c u s s i o n ,b u t  i t  i s  o f  i n t e r e s t  t o  
n o te  t h a t  a n a lo g o u s  e x p e r im e n t s ,c a r r ie d  o u t  w ith  g lu c o s e  
p e n t a c e t a t e , gave n e g a t iv e  r e s u l t s . I t  would t h e r e f o r e  
appear t h a t  th e  e x p e r im e n ta l  c o n d i t i o n s  must be 
c a r e f u l l y  r e g u la t e d  t o  s u i t  th e  s p e c i f i c  c h a r a c t e r i s t i c s  
o f  th e  p a r t i c u l a r  a c e t a t e  under e x a m in a t io n ,a n d  th e  
method can n ot be c la im ed  a s  h a v in g  a g e n e r a l  a p p l i c a t i o n  
i n  th e  p r e p a r a t io n  o f  m e th y la te d  b o d ie s  from t h e i r  
c o r r e sp o n d in g  a c e t a t e s .
In  th e  p r e s e n t  c a s e , t h e  p ro d u ct  which was 
i s o l a t e d  a f t e r  th e  i n i t i a l  tr e a tm e n t  w ith  d im eth y l  
s u lp h a t e  and sodium h y d r o x id e  p o s s e s s e d  a m ethoxyl  
c o n te n t  o f  3 8 .1  per  c e n t , a  f a c t  which i n  i t s e l f  in d i c a t e d
(6 2 )
t h a t  t h e  m a t e r ia l  had undercone c o n s id e r a b le  d e g r a d a t io n  
d u r in g  a c e t o l y s i s , a s  t h i s  f i g u r e  i s  c o n s id e r a b ly  
h ig h e r  th a n  t h a t  r e q u ir e d  f o r  a d im e th y l c e l l u l o s e .
The p a r t i a l l y  m e th y la te d  p ro d u ct  v/as no\r s u b j e c t e d  to  
t h r e e  s u c c e s s i v e  m é t h y la t io n s  and th e  m eth oxy l c o n te n t  
v/as th e r e b y  i n c r e a s e d  t o  4 5 .6  p er  c e n t .A f t e r  f i v e  
a d d i t i o n a l  m é t h y la t io n s  th e  m eth oxy l c o n te n t  was 4 5 .8  
per  c e n t ,a n d  from t h i s  i t  was i n f e r r e d  t h a t  th e  
e x p e r im e n ta l  l i m i t  o f  m é t h y la t io n  had b een  r e a c h e d .
The f u l l y  m e th y la te d  p ro d u c t  was a  t h i c k  c lo u d y  syrup  
which r a p id ly  s e t  t o  a hard g l a s s  on c o o l in g ,a n d  which  
v/as s e p a r a te d  i n t o  tv/o c o n s t i t u e n t s  by means o f  
r e p e a te d  e x t r a c t i o n s  v /ith  b o i l i n g  e t h e r .
The major p a r t  o f  th e  p r o d u c t ,  (94 p er  c e n t ) ,  
v/as s o l u b l e  i n  e t h e r ,a n d  on rem oval o f  th e  s o l v e n t ,  
was o b ta in e d  as a b e a u t i f u l  c l e a r  g o ld en  syrup  v/liich 
a g a in  s e t  t o  a hard g l a s s  on c o o l in g .T h e  r e s i d u e ,
(6 p e r  c e n t ) ,w h ic h  was i n s o l u b l e  i n  e t h e r ,w a s  o b ta in e d  
a s  a f a i n t l y - c o l o u r e d  pov/der, and p o s s e s s e d  a m ethoxyl  
c o n t e n t  o f  43 p er  c e n t . I t  appeared  p ro b a b le  t h a t  t h i s  
i n s o l u b l e  r e s id u e  co rre sp o n d ed  v/ith  th e  s m a ll  amounts 
o f  i n s o l u b l e  m a t e r ia l  v/hich v/ere i s o l a t e d  a f t e r  th e  
h y d r o l y s i s  o f  th e  a c e t y l a t e d  m a t e r ia l  v/ith  sodium
(6 3 )
h y d r o x id e , and t h i s  v iew  r e c e i v e s  su p p ort from th e  f a c t  
t h a t  such  d e x t r i n - l i k e  b o d ie s  a s  were t h e r e  described^  
would y i e l d  on m é t h y la t io n  t r im e t h y l  d e x t r i n s  w ith  a  
m eth o x y l c o n t e n t  o f  4 5 .6  p er  c e n t .A t t e n t i o n  was t h e r e ­
f o r e  c o n c e n t r a t e d  on th e  main o r  e t h e r - s o l u b l e  p ro d u ct  
w hich  was s y s t e m a t i c a l l y  exam ined .
The a l k y l a t e d  p ro d u c t  was r e a d i l y  crushed  t o  
g iv e  a f i n e  w h ite  h y g r o s c o p ic  p ow d er, and was e a s i l y  
s o l u b l e  i n  b e n z e n e , ch lo ro fo rm  and e t h e r  a t  th e  o r d in a r y  
t e m p e r a t u r e . I t  d id  n o t  red u ce  F e h l i n g ' s  S o lu t io n ,a n d  
no c o n d e n s a t io n  to o k  p la c e  when a  s o l u t i o n  i n  a c e to n e  
c o n t a in i n g  0 . 5  p er  c e n t  o f  hydrogen  c h lo r id e  was k ep t  
a t  30* f^ o r  s e v e r a l  h o u rs ,T h e  a n a l y t i c a l  d a ta  which were 
o b ta in e d  on a n a l y s i s  co rresp o n d ed  c l o s e l y  w ith  th e  
v a l u e s  r e q u ir e d  f o r  a t r im e t h y l  c e l lu lo s e ^  w ith  th e  
e x c e p t i o n  o f  th e  m eth oxy l c o n te n t  which was 4 6 .2  p er  
c e n t , a s  compared w ith  45*.6 p er  c e n t  f o r  a t r im e t h y l  
c e l l u l o s e .
In  o r d e r  t o  g a in  more a c c u r a te  e v id e n c e  a s  t o  
t h e  n a tu r e  o f  th e  a l k y l a t e d  p r o d u c t , i t  was co n v er te d  
i n t o  th e  c o r r e sp o n d in g  m e th y la te d  g lu c o s i d e  or  
g lu c o  s i d e 8 by tr e a tm e n t  w ith  a c id  m eth y l a l c o h o l , v/hich 
e f f e c t s  h y d r o l y s i s  and c o n d e n s a t io n  o f  th e  p r o d u c ts
(6 4 )
w ith  t h e  s o lv e n t .T h e  p rod u ct o f  th e  r e a c t i o n  was 
f r a c t i o n a l l y  d i s t i l l e d  i n  v a cu o ,a n d  a n a ly s e s  shewed  
t h a t  i t  co rresp o n d ed  e m p i r i c a l l y  w ith  a m ix tu re  
c o n t a in i n g  90 p er  c e n t  o f  a t r im e t h y l  m e t h y lg lu c o s id e ,  
and 10 p er  c e n t  o f  a t e t r a m e t h y l  m e t h y lg lu c o s id e .
The m ix tu re  o f  m e t h y lg lu c o s id e s  was h y d r o ly se d  
t o  th e  c o r r e sp o n d in g  m e th y la te d  g l u c o s e s  by b o i l i n g  
w ith  aqueous h y d r o c h lo r ic  a c id ,a n d  th e  p ro d u ct  o f  
h y d r o l y s i s  was s e p a r a te d  i n t o  two c o n s t i t u e n t s ,o n e  
o f  w hich vfas i d e n t i f i e d  a s  c r y s t a l l i n e  2 : 5 : 6 -  
t r i m e t h y l g lu c o s e ,a n d  th e  o th e r  a s  2 : 3 : 5 : 6 - t e t r a m e t h y l -  
g lu c o s e .N o  t r a c e  o f  any o th e r  m e th y la te d  g lu c o s e  
was d e t e c t e d .T h e  amount o f  t e t r a m e t h y lg lu c o s e  which  
b e s t  c o i n c i d e s  w ith  th e  a n a l y t i c a l  d a ta  p r e v i o u s l y  
o b ta in e d  i s  10 p er  c e n t , w h ile  7 p e r  c e n t  was a c t u a l l y  
i s o l a t e d  i n  a  s t a t e  o f  p u r i t y .
In  c o n f ir m a t io n  o f  th e  above r e s u l t s , t h e  
m e th y la te d  p rod u ct was h y d r o ly se d  d i r e c t l y  t o  th e  
m e th y la te d  s u g a r s  by means o f  aqueous h y d r o c h lo r ic  a c i d ,  
and th e  p rod u ct o f  h y d r o l y s i s  g a v e ,on a n a l y s i s , f i g u r e s  
which corresp on d ed  w ith  a m ix tu re  c o n t a in in g  90 p er  
c e n t  o f  t r i m e t h y l g l u c o s e  and 10 p e r  c e n t  o f  t e t r a m e t h y l ­
g lu c o s e  .
( 6 5 )
’ DISCUSSION OF tiiü: r e s u l t s .
The c o n s t i t u t i o n a l  n a tu r e  o f  th e  m e th y la te d  p ro d u c t  
may now he d i s c u s s e d  i n  t h e  l i g h t  o f  th e  e v id e n c e  t h a t  
i t  c o n s i s t s  o f  2 : 3 : 6 - t r i m e t h y l g l u c o s e  r e s i d u e s  t o  th e  
e x t e n t  o f  90 p e r  c e n t ,a n d  o f  2 : 3 : 5 : 6 - t e t r a m e t h y lg lu c o s e  
r e s i d u e s  t o  th e  e x t e n t  o f  10 p er  c e n t .
The p r e s e n c e  o f  t e t r a m e t h y lg lu c o s e  n a t u r a l l y  
b r in g s  an added c o m p l ic a t io n  i n t o  th e  p rob lem ,an d  th e  
t h e o r e t i c a l  p o s s i b i l i t i e s  are c o r r e s p o n d in g ly  i n c r e a s e d .  
I f  th e  m e th y la te d  p ro d u ct  i s  a c h e m ic a l  e n t i t y , i t  
must e x i s t  a s  an o p e n -c h a in  p o ly s a c c h a r id e  c o n t a in in g  
t e n  g lu c o s e  r e s i d u e s , i n  vdiich th e  n in e  o x y g e n -b r id g e  
l i n k a g e s  are  throu gh  th e  1  and 5 p o s i t i o n s  i n  th e  
g lu c o s e  m o le c u le s ,T h e  accum u lated  e v i d e n c e , h o w e v er , 
p o i n t s  d i s t i n c t l y  t o  th e  i d e a  t h a t  th e  m e th y la te d  
p ro d u c t  i s  a raiarture o f  a t  l e a s t  two com pounds, and 
th e  above v er y  im probab le  c a s e  may t h e r e f o r e  be 
d is m is s e d  w ith o u t  f a r t h e r  d i s c u s s i o n , b u t  i t  i s  o f  
i n t e r e s t  a s  shevdLng th e  maximum s i z e  o f  a m o le c u le  
o f  which th e  t e t r a m e t h y lg lu c o s e  may be a p a r t .
I t  must be remembered,m o r e o v e r , t h a t  th e  
m e th y la te d  p rod u ct was p r im a r i ly  d e r iv e d  by th e  
a c e t o l y s i s  o f  c e l l u l o s e , i n  which c a s e  th e  p o s s i b i l i t y
( 66)
t h a t  t h e  t e t r a m e th y lg lu c o G e  vms p r im a r i ly  d e r iv e d  
from g lu c o s e  p e n t a c e t a t e  o r  c e l l o b i o s e  o c t a c e t a t e  
im m e d ia te ly  s u g g e s t s  i t s e l f . T h i s  p o s s i b i l i t y  i s  
d is c o u n t e d  on t h e  f o l l o w i n g  g ro u n d s.
(A) No t r a c e  o f  c r y s t a l l i n e  m a te r ia l  was 
d e t e c t e d  i n  th e  p rod u ct o f  a c e t o l y s i s . T h i s  i s  a d m it t e d ly
a q u a l i t a t i v e  s ta te m e n t  and i s  o n ly  quoted  a s  c o n f ir m a to r y  
e v i d e n c e .  y
(B) I t  i s  h ig h l y  im probable  t h a t  e i t h e r  
g lu c o s e  p e n t a c e t a t e  or  c e l l o b i o s e  o c t a c e t a t e  would  
s u r v iv e  th e  p a r t i c u l a r  method o f  m é t h y la t io n  which was 
adopted  i n  t h e  p r e s e n t  s e r i e s  o f  e x p e r im e n ts .T h is  h a s  
b een  d em o n stra ted  by th e  w r i t e r  i n  th e  c a se  o f  g lu c o s e  
p e n t a c e t a t e , and by a n o th er  worker i n  th e  c a se  o f  
c e l l o b i o s e  o c t a c e t a t e .
(C) I f , h o w ev er , g lu c o s e  p e n t a c e t a t e  and c e l l o b i o s e  
o c t a c e t a t e  were i n  p a r t  t o  s u r v iv e  t h e  d i r e c t  m é t h y la t io n  
a s  p a r t i a l l y  m e th y la te d  g lu c o s e  and c e l l o b i o s e  r e s p e c t i v e l y ,  
such t r a c e s  would be e l im in a t e d  d u r in g  su b seq u en t  
m é t h y la t io n  e x p e r im e n t s . I t  was found t h a t  a f t e r  two 
m é t h y la t io n s  th e  p a r t i a l l y  m e th y la te d  p rod u ct s e p a r a te d  
from th e  a l k a l i n e  r e a c t i o n  m ix tu re  a s  a  p a s ty  m ass ,
( 6 7 )
vrtiich c o u ld  "be f i l t e r e d  o f f , and th e  e x t r a c t i o n  o f  
th e  r e a c t i o n  m ix tu re  w ith  ch lo ro fo rm  was t h e r e f o r e  
u n n e c e s s a r y .A s  p a r t i a l l y  m e th y la te d  g lu c o s e  and 
c e l l o b i o s e  would be s o l u b l e  i n  th e  r e a c t i o n  m ix t u r e , 
and a s  th e  p r o c e s s  o f  f i l t r a t i o n  was c a r r ie d  o u t  6n  
a t  l e a s t  f i v e  m é t h y la t io n  e x p e r i m e n t s , i t  f o l l o w s  
t h a t  o n ly  t h e  m er e s t  t r a c e s  o f  such  compounds c o u ld  
be p r e s e n t  i n  th e  f i n a l  m e th y la te d  p r o d u c t .
With th e  e l i m i n a t i o n  o f  g lu c o s e  and c e l l o b i o s e  
th e  number o f  p o s s i b l e  e x p la n a t i o n s  i s  v er y  a p p r e c ia b ly  
d e c r e a s e d . I t  i s  now c l e a r  t h a t  th e  t e t r a m e t h y lg lu c o s e  
must form paj?t o f  an o p e n -c h a in  p o ly s a c c h a r id e  
c o n t a in in g  t h r e e , f o u r , f i v e , s i x , s e v e n , e i g h t  or  n in e  
g lu c o s e  r e s i d u e s , i n  which t h e  o x y g e n -b r id g e  l i n k a g e s  
are  th rou gh  t h e  1 and 5 p o s i t i o n s , s in c e  thesej^ p o s i t i o n s  
a re  u n a f f e c t e d  by m e t h y l a t i o n . l t  a l s o  f o l l o w s  t h a t  
i f  t h i s  compound i s  a  t r i s a c c h a r i d e ,30  p er  c e n t  o f  
t h e  t o t a l  m e th y la te d  p ro d u c t  i s  a cco u n ted  f o r , i f  a 
t e t r a s a c c h a r i d e ,40  p e r  c e n t , i f  a p e n t a s a c c h a r id e ,50  
p er  c e n t  and so  o n .
The f u l l y  m e th y la te d  p ro d u ct  y i e l d e d  o n ly  
two m e th y la te d  g l u c o s e s  on h y d r o l y s i s , and a s  th e
(68)
t e t r a m e t h y lg l u c o s e  h a s  now been d is p o s e d  o f , i t  f o l l o w s  
t h a t  th e  o t h e r  component o r  com ponents i n  th e  m ix tu re  
are  composed e n t i r e l y  o f  2 :3  : C - t r im e t h y lg lu c o s e  
r e s id u e s .T h e  o n ly  p o s s i b l e  s t r u c t u r e  f o r  such compounds 
i s  t h a t  o f  a p o ly - t r im e t h y l - a n h y d r o g lu c o s e  i n  which  
th e  o x y g e n -b r id g e  l i n k a g e s  are th rough  th e  1 and 5 
p o s i t i o n s . A  l a r g e  number o f  p o s s i b i l i t i e s  e x i s t .
A lthough t h e  p r e s e n c e  o f  o c ta m e th y l  c e l l o b i o s e  h as  
b een  d i s p r o v e d , i t  d o e s  n o t  f o l l o w  t h a t  th e  c o r r e sp o n d in g  
d i ( t r i m e t h y l - a n h y d r o g l u c o s e ) i s  a l s o  a b s e n t ,b u t  t h i s  
p o s s i b i l i t y  i s  c o n s id e r e d  rem o te^ in  v iew  o f  th e  f a c t  
t h a t  an o p e n -c h a in  p o ly s a c c h a r id e  c o n t a in in g  more 
th a n  two g lu c o s e  r e s i d u e s  i s  o b v io u s ly  p r e s e n t .T h e r e  
may t h e r e f o r e  be i n  ad m ixture w ith  th e  o p e n -c h a in  
p o ly sa c c h a r id e ^  any one o f  th e  f o l l o w i n g  compounds, 
or t h e r e  may be a com plex m ix tu re  o f  them o r  o f  t h e i r  
p o ly m e r s .
A t r i ( t r i m e t h y l - a n h y d r o g l u c o s e ) ,
A t e t r a ( t r i m e t h y l - a n h y d r o g l u c o s e ) ,
A p e n t a ( t r im e t h y l - a n h y d r o g lu c o s e ) ,
A h e x a ( t r im e t h y l - a n h y d r o g lu c o s e ) ,  e t c .
The f o l l o w i n g  t a b l e  g i v e s  a few  o f  th e  s i m p l e s t  p o s s i b l e  
m i x t u r e s , a l l  o f  which g iv e  p r a c t i c a l l y  i d e n t i c a l
C69)
a n a l y t i c a l  d a ta ,a n d  a l l  o f  which a g r e e  e m p i r i c a l l y  
w ith  t h e  r e s u l t s  o b ta in e d  th ro u g h o u t t h e  i n v e s t i g a t i o n ,
( I )  A m ix tu r e  c o n t a in in g  70 p er  c e n t  o f  a t r i ( t r i m e t h y l -  
anil y dr o g lu  CO se  ) ,  and 30 p er  c e n t  o f  a m e th y la te d  
t r i s a c c h a r i d e , (M o le cu la r  Weight a p p r o x im a te ly  6 2 5 )
( I I )  A m ix tu re  c o n t a in in g  60 p er  c e n t  o f  a t e t r a ( t r i m e t h y l -  
a n h y d r o g lu c o s e ) , and 40 p er  c e n t  o f  a m e th y la te d  
t e t r a s a c c h a r i d e . (M o lecu la r  V/eight a p p r o x im a te ly  8 3 4 ) .
( I I I )  A m ix tu r e  c o n t a in in g  50 p e r  c e n t  o f  a p e n ta -  
( t r im e th y l - a n h y d r o g lu c o s e  ) ,and 50 p e r  c e n t  o f  a  m e th y la te d  
p e n t a s a c c h a r id e . (M o lecu la r  Weight a p p r o x im a te ly  1 0 4 3 ) .  
( I I I I )  A m ix tu r e  c o n t a in in g  40 p er  c e n t  o f  a h ex a -  
( t r im e t h y l - a n h y d r o g lu c o s e ) ,and 60 p er  c e n t  o f  a m e th y la te d  
h e x a s a c c h a r id e . (M olecu lar  Weight a p p r o x im a te ly  1 2 5 1 ) .
The above are  q,uoted m ere ly  a s  exam p les  o f  
m ix tu r e s  which s a t i s f y  th e  e n t i r e  range o f  a n a l y t i c a l  
d a ta ,a n d  i t  i s  th o r o u g h ly  u n d e r s to o d  t h a t  t h e  l i s t  
may be e x te n d e d  t o  in c lu d e  a  v e r y  la r g e  number o f  
p o 3 s i b i l i t i e s . l t  n a t u r a l l y  f o l lo w e d  t h a t  no in f e r e n c e  
c o u ld  be drawn from a n a l y t i c a l  d a ta ,a n d  i t  became 
n e c e s s a r y  t o  d e term in e  th e  o r d e r  o f  t h e  m o le c u la r  w e ig h t  
o f  th e  m ix tu r e .A  s e r i e s  o f  m o le c u la r  w e ig h t  d e t e r m in a t io n s ,
( 7 0 )
w hich  w ere  c a r r i e d  o u t  by two d i s t i n c t  m e th o d s ,g a v e  
a  lo n g  s e r i e s  o f  very  c o n s i s t e n t  r e s u l t s , a n d  an a v er a g e  
v a lu e  o f  6 5 8 . A m ix tu re  c o n t a in i n g  70  p e r  c e n t  o f  
t r i ( t r i m e t h y l - a n h y d r o g l u c o s e ) , and 50 p e r  c e n t  o f  a  
m e th y la te d  t r i s a c c h a r i d e , (N o. I i n  t h e  above t a b l e ) ,  
w ould g iv e  an a v er a g e  v a lu e  o f  6 2 5 , and t h i s  i s  th e  
o n ly  one o f  th e  many p o s s i b i l i t i e s  which g i v e s  a 
m o le c u la r  w e ig h t  a p p ro x im a tin g  t o  th e  f i g u r e  o b t a in e d .  
The f o l l o w i n g  s y n o p s i s  shew s how w e l l  t h e  h y p o t h e s i s  
fo r m u la te d  above f i t s  i n  w ith  t h e  a n a l y t i c a l  d a ta  
o b t a in e d  th r o u g h o u t  th e  i n v e s t i g a t i o n .
( 7 1 )
A f i x t u r e  c o n t a i  n in e
70/j T r i ( t r ia o t h y l - a n l iy d r o e l u c o s e  )
and
30^ M e th y la te d  T r is a c c h a r i d e .
R e q u i r e s : -  C = 5 2 .9 ^  
n = 7.86:! 
CÎÎ3O = 47.4:^
F o u n d :-  C = 52.7' p^
II =
CH 0 = 46.2%
A m ix tu r e  c o n t a in i n e
[90:! T r im eth y l-m e th y  l e l u  CO s i d e  |
and T
110^ T e tr a m e th y l -m e th y lg lu c o s id e j
R e q u i r e s C  = 51 .04:!
H = 8 .50 :!  
CH^ O = 53 .5 :!
P ou n d :-  C = 50.95:!  
II = 8 .60:!  
CH^ O = 5 2 .8 ^
A m ix tu r e  c o n t a in in g
90:! T r im e th y l g lu c o s e  ' 
and
1^ 0 :! T e trameth y lg lu c o se ^  
R e q u i r e s C  = 48.87:! F ou n d :-  C
H = 8 .15 :!
CH^ O = 42 .9:!
2 : 3 :6 - T r im e th y lg lu c o s e  
(84:! A c t u a l ly  I s o l a t e d . )
41.1%
2 : 3 : 5 :6 -T e tr a m e th 7 lr lu c o s e  
(7:! A c tu a l ly  I s o l a t e d . )
(72)
, The a e t h y l a t e d  p ro d u ct  t h e r e f o r e  a p p e a rs  to  
he a misrture o f  t r i ( t r i m e t h y l - a n l i y d r o c l ^ c o s e  ) and 
t h e  c o r r e s p o n d in g  m e th y la te d  t r i s a c c h a r i d e , which i s  
form ed hy t h e  ru p tu r e  o f  one o f  th e  o x y g e n -h r id g e  
l i n k a g e s  .The i n t e r n a l  s t r u c t u r e  o f  such a  t r ia n h y d r o -  
g lu c o s e  h a s  h een  f u l l y  d e a l t  w ith  hy I r v in e  and H i r s t ,  
(T, , 1 9 2 3 , 1 2 3 , 5 1 8 ) , and t h e i r  c o n c l u s i o n s  have heen  
sum m arised i n  t h e  i n t r o d u c t i o n  t o  t h i s  t h e s i s .
The m ost p ro b a b le  s t r u c t u r e  f o r  th e  t r i ( t r i m e t h y l -  
an h yd rog lu  c o s e  ) d e s c r ib e d  above i s  t h e r e f o r e ,
<
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-0-
Î C I ! . C H ( 0 a i 3 ) . C I I  ( O C I I g ) . ( p
. 0 0 1 ;
[ I .0 CH3  Ô
tl
n— 0------- m.cH(ocH,).CH(ocEg).cH.ùH.oyomi^
J
w h ile  th e  m e th y la te d  t r i s a c c h a r i d e  would have th e  
f o l l o w i n g  s t r u c t u r e .
( 7 3 )
OCH [I.OCH
OCH OCH
H.OCH
■OH. CH (OCH^) . a i  (OCH^) . CH. CH. d^O CI^
OCH
I t  i s  d e s i r e d  t o  s t r e s s  th e  f a c t  t h a t  th e  
c o n c l u s i o n s  which are drawn from t h i s  i n v e s t i g a t i o n  
are  b a sed  e n t i r e l y  on th e  c o n s t i t u t i o n  o f  th e  m e th y la te d  
p r o d u c t ,b u t  i t  i s  now p o s s i b l e  t o  advance an o p in io n  
c o n c e r n in g  t h e  n a tu re  o f  th e  p ro d u c t  o f  a c e t o l y s i s .
The compounds which appear i n  th e  m e th y la ted  p ro d u ct  
must have b een  p r e s e n t  a s  t h e i r  c o r r e sp o n d in g  a c e t y l  
d e r i v a t i v e s  i n  th e  p ro d u c t  o f  a c e t o l y s i s ,w h i c h  may 
t h e r e f o r e  be s a i d  t o  c o n s i s t  e s s e n t i a l l y  o f  
t r i ( t r i a c e t y l - a n h y d r o g l u c o s e  ) and th e  c o r r e sp o n d in g  
a c e t y l a t e d  t r i s a c c h a r i d e .E v i d e n c e  h as a l s o  been  
d e s c r ib e d  which p o i n t s  t o  th e  p r e s e n c e  o f  s m a ll  q ,u a n t i t ie s
(74 )
o f  c e l l u l o s e  d e x t r i n  a c e t a t e s ,a n d  t h e s e  c o n c l u s i o n s  
are c o n f i r a e d  by th e  r e s u l t s  o b ta in e d  on a n a l y s i s .
The p r e s e n t  i n v e s t i g a t i o n  t h e r e f o r e  p o i n t s  t o  
th e  i d e a  t h a t  t h e  c a r e f u l l y  c o n t r o l l e d  a c e t o l y s i s  o f  
c o t t o n  c e l l u l o s e  may be a r r e s t e d  a t  a s t a g e  when th e  
main p r o d u c t  o f  t h e  r e a c t i o n  i s  th e  f u l l y  a c e t y l a t e d  
d e r i v a t i v e  o f  t r i a n l i y d r o g l u c o s e . l t  i s  t r u e  t h a t  
n e i t h e r  t r ia n l iy d r o g lu c o s e  nor i t s  m e th y la te d  d e r i v a t i v e  
have b een  p rep a red  i n  a s t a t e  o f  c h em ic a l p u r i t y ,b u t  
t h e  e v id e n c e  which h a s  b een  adduced i n  fa v o u r  o f  
t h e i r  e x i s t e n c e  i s  in c a p a b le  o f  a s a t i s f a c t o r y  
a l t e r n a t i v e  e x p l a n a t i o n .
T h is  l e a d s  d i r e c t l y  t o  th e  i d e a  t h a t  th e  
s t r u c t u r a l  b a s i s  o r  "m olecu lar  u n i t "  o f  t h e  com plex  
c e l l u l o s e  m o le c u le  i s  a t r ia n h y d r o g lu c o se ^  i n  which th e  
o x y g e n - b r id g e  l i n k a g e s  are  th r o u g h  th e  1 and 5 p o s i t i o n s  
i n  t h e  t h r e e  g lu c o s e  m o le c u le s .T h e  e x i s t e n c e  o f  
h e x a -a m y lo se  may be c i t e d  a s  an argument a g a in s t  
such  a p r o p o s a l ,b u t  t h i s  i s  c o u n te r b a la n c e d  by th e  
f a c t  t h a t  P i c t e t , (H e lv .C h im . A c t a ,1 9 2 2 , 5 , 6 4 0 ) , h as  
i s o l a t e d  a compound o f  t h e  fo rm u la  from s t a r c h ,
w h i le  P r i n g s h e i m , ( B e r . , 1 9 2 2 , 5 5 , 1 4 1 4 ) , c la im s  t o  have  
i s o l a t e d  t r i f r u c t o s e  sod ium , (C^II/^O^) ,^NaOIî,from i n u l i n .
(7 5 )
M o r e o v e r , i t  a p p e a r s  r a t h e r  iroprohable t h a t  a  t r ia n h y d r o -  
C liicose  would r e s u l t  a s  th e  s c i s s i o n  p ro d u c t  o f  a 
h e x a n h y d r o g lu c o s e , and th e  c o n c e p t io n  o f  t r ia n h y d r o g lu c o s e  
a s  th e  s t r u c t u r a l  b a s i s  o f  c e l l u l o s e  i s  o f f e r e d  a s  
th e  b e s t  e x p la n a t i o n  o f  t h e  r e s u l t s  r e c o r d e d  i n  th e  
p r e s e n t  i n v e s t i g a t i o n .
( 7 6 )
PAR? TWO
THE ACETOLYSIS OF COTTCH CV.LLULOSK.
Tlie f o l l o w i n c  e x p e r i n e n t s  \rere  u n d er ta k en  w ith  th e  
o b j e c t  o f  a s c e r t a i n i n g  t h e  most s u i t a b l e  c o n d i t i o n s  o f  
t i m e , t e m p e r a tu r e , and r e a g e n t  c o n c e n tr a t io n ^ u n d e r  which  
th e  a c e t o l y s i s  o f  c o t t o n  c e l l u l o s e  would p ro ce ed  s lo v /ly  
and sm o o th ly  t o  g iv e  th e  maximum p o s s i b l e  d e g r a d a t io n  
o f  t h e  m o le c u le  w ith o u t  th e  fo r m a t io n  o f  c e l l o b i o s e  
o c t a c e ta t e .P r o m  th e  g e n e r a l  co u rse  o f  a c e t o l y s i s  
e x p e r im e n ts  w hich  v/ere perform ed  w ith  e s p a r to  c e l lu lo s e ^  
i t  appeared  p r o b a b le  t h a t  s u i t a b l e  c o n d i t i o n s  m ight be 
o b t a in e d  by t h e  u se  o f  a  m ix tu re  c o n t a in i n g  a c e t i c  
an liydride  and s u lp h u r ic  a c id  i n  t h e  r a t i o  o f  5 .9  p a r t s  
by w e ig h t  t o  1 p a r t  by v æ ig h t , p r o v id e d  t h a t  th e  r e a c t i o i  
was c a r r ie d  o u t  a t  lEu
In  t h e  f i r s t  e x p e r im e n t , f i v e  grams o f  c o t t o n  
c e l l u l o s e , which had p r e v i o u s l y  been  d r ie d  f o r  s e v e r a l  
h o u r s  a t  licf^w ere added t o  a m ix tu re  c o n t a in in g  5 0 c c ,  
o f  a c e t i c  an hyd rid e  and 5 c c . o f  s u lp h u r ic  a c id  a t  15*^ . 
P r e c a u t io n s  a g a i n s t  l o c a l  h e a t in g  d u r in g  th e  i n i t i a l  
s t a g e s  o f  th e  r e a c t i o n  were ta k e n ,a n d  th e  c e l l u l o s e
(7 7 )
d i s s o l v e d  s l o w l y  and c o m p le te ly  i n  24 h o u r s  t o  c i v e  
a g o l d e n - y e l l o w  s o lu t io n .T h e  s o l u t i o n  was poured i n t o  an 
e x c e s s  o f  d i s t i l l e d  w a ter  ,and a  w h ite  powder vfas 
p r e c i p i t a t e d . T h e  p r e c i p i t a t e  was th o r o u g h ly  washed  
and d r ie d ,a n d  e x a m in a t io n  shewed i t  t o  be s o lu b le  i n  
c h lo r o fo r m ,b u t  o n ly  very  s l i g h t l y  s o l u b l e  i n  h o t  
r e c t i f i e d  s p i r i t .
The ex p er im en t  was now r e p e a t e d ,b u t  i n  t h i s  ca se  
96 h o u rs  were a l lo w e d  t o  e la p s e  b e f o r e  t h e  s o l u t i o n  
was poured  i n t o  w a te r .A  w h ite  p ow der, which d i s p la y e d  a  
t e n d e n c y  t o  c o a g u la t e  t o  a p l a s t i c  m a ss , was p r e c i p i t a t e d ,  
and i t  p ro v ed  t o  be c o m p le te ly  s o l u b l e  i n  h o t  r e c t i f i e d  
s p i r i t .
A f a r t h e r  r e p e t i t i o n  o f  th e  ex p er im en t was 
c a r r i e d  o u t  and 144 h o u r s  were a l lo w e d  t o  e la p s e  b e fo r e  
t h e  s o l u t i o n  was poured i n t o  v /a te r .I n  t h i s  c a se  th e  
s o l i d  p ro d u c t  o f  a c e t o l y s i s  was a g a in  c o m p le te ly  s o l u b l e  
i n  h o t  r e c t i f i e d  s p i r i t , b u t  th e  y i e l d  was very  s m a ll  
and th e  m ajor p a r t  o f  t h e  c e l l u l o s e  had a p p a r e n t ly  been  
tr a n s fo r m e d  i n t o  p r o d u c ts  s o l u b l e  i n  w a t e r , p ro b a b ly  
a c e t o s u l p h a t e s  o f  c e l l o b i o s e  o r  g l u c o s e .
From t h e  r e s u l t s  o f  th e  t h r e e  e x p e r im e n ts  
d e s c r ib e d  ab ove, i t  appeared  l i v e l y  t h a t  th e  c o n d i t i o n s
(7 8 )
o f  a c G t o l y s i s  vrhich would l e a d  t o  th e  maxiaua d e g r a d a t io n  
o f  th e  c e l l u l o s e  m o l e c u l e , and y e t  s to p  s h o r t  o f  th e  
r u p tu r e  n e c e s s a r y  f o r  th e  fo r m a t io n  o f  c e l l o b i o s e  
o c t a c e t a t e  jVrere r e p r e s e n t e d  i n  th e  secon d  e x p e r im e n t .
The s o l i d  m ateriM . o b ta in e d  i n  t h i s  exp er im en t was 
t h e r e f o r e  ex a m in ed , and i t  proved  t o  be an amorphous 
powder i n  which m ic r o s c o p ic  ex a m in a t io n  f a i l e d  t o  
d i s c o v e r  any t r a c e  o f  c r y s t a l l i n e  m a t t e r . I t  shewed a 
f a i r l y  w ide range o f  s o l u b i l i t i e s , b e i n g  r e a d i l y  s o l u b l e  
i n  a c e t o n e , c h lo r o fo rm  and h o t  r e c t i f i e d  s p i r i t , and 
r a t h e r  s p a r in g ly  s o l u b l e  i n  b e n z e n e . l t  was f a r t h e r  
c h a r a c t e r i s e d  by a m e l t in g  p o in t ,a n d  e le m en ta r y  a n a l y s i s  
shewed t h a t  i t  co rresp o n d ed  e m p i r i c a l l y  w ith  a t r i a c e t a t e  
o f  c e l l u l o s e . A c e t o l y s i s  e x p e r im e n ts  were now c a r r i e d  o u t  
on a l a r g e r  s c a l e  and th e  p ro ced u re  was s t a n d a r d is e d  
a s  f o l l o w s .
40 grams o f  c e l l u l o s e , w hich had p r e v i o u s l y  b een  
d r ie d  a t  a tem p era tu re  o f  l l ( f ,w e r e  added t o  a m ix tu re  
c o n t a in i n g  4 0 0 c c .o f  a c e t i c  an liyd rid e and 4 0 c c . o f  s u lp h u r ic  
a c id  a t  15*.I t  wa,s n o t  found n e c e s s a r y  t o  p rep a re  th e  
c e l l u l o s e  i n  an e x tr e m e ly  f i n e  s t a t e  o f  d i v i s i o n , b u t  
p r e c a u t io n s  a g a in s t  l o c a l  h e a t in g  i n  th e  i n i t i a l  s t a g e s  
o f  th e  r e a c t i o n  were i n v a r i a b l y  r e q u ir e d  t o  p r e v e n t  c h a r r in g .
(7 9 )
T h is  was c a r r i e d  o u t  by im a e r s in g  t h e  j a r  c o n t a ln in ^  
t h e  r e a c t i o n  mirfcure i n  c o ld  w ater  and by f r e q u e n t  
s t i r r i n g  o f  t h e  p a s t y  m ass u n t i l  th e  r e a c t i o n  had b een  
i n  p r o g r e s s  f o r  so a e  f i v e  h ou rs .U nd er  such  c o n d i t i o n s ,  
t h e  c e l l u l o s e  was n o t i c a b l y  a f f e c t e d  i n  about an hour  
and a  h a l f . I t  d i s s o l v e d  v er y  s lo w ly  t o  g iv e  a p u lpy  
m a s s , w h ic h , i n  t h e  co u r se  o f  24 h o u r s ,g a v e  p la c e  t o  a  
c l e a r  b ut f a i n t l y  y e l lo w - c o lo u r e d  s o l u t i o n , I n  th e  
su b s e q u e n t  7 2  h o u rs  which were a l lo w e d  t o  e l a p s e  b e fo r e  
t h e  s o l u t i o n  was poured  i n t o  w a te r , t h e  c o l o u r a t i o n  
d eep en ed  t o  o r a n g e- r e d ,b u t  th e  s o l u t i o n  rem ained  p e r f e c t l y  
c le a r .O n  p o u r in g  th e  s o l u t i o n  i n t o  an e x c e s s  o f  w a t e r , 
(ab ou t fo u r  l i t r e s  were u s e d ) , a  w h ite  powder was 
im m e d ia te ly  p r e c i p i t a t e d . T h i s  powder shewed a d i s t i n c t  
te n d e n c y  t o  c o a g u l a t e ,b u t  was d i s i n t e g r a t e d  t o  a f i n e  
f la lc y  powder by g r in d in g  w ith  a  p e s t l e  a f t e r  f a r t h e r  
d i l u t i o n  w ith  w a t e r .A f t e r  f i l t e r i n g  th rou gh  c a l i c o , t h e  
s o l i d  p ro d u ct  v^as th o r o u g h ly  washed and s lo w ly  d r ie d  a t  
a tem p era tu r e  o f  30-40*’. In  o r d e r  t o  remove m inute t r a c e s  
o f  a c e t i c  a c id  which s t i l l  p e r s i s t e d , th e  dry powder was 
d i s s o l v e d  i n  h o t  r e c t i f i e d  s p i r i t , r e p r e c i p i t a t e d  by th e  
a d d i t i o n  o f  d i s t i l l e d  w a ter , and a g a in  washed t h o r o u g h ly .  
The a v era g e  y i e l d  o f  th e  s o l i d  p rod u ct o f  a c e t d l y s i s  was 
50 grams from 40 grams o f  c e l l u l o s e .
(8 0 )
^XAIvIINATION AND ANALYSIS OF THE SOLID PRODUCT OF ACETOLYSIS.
I t  v/as c l e a r l y  n e c e s s a r y  t o  sa k e  c e r t a i n  t h a t  th e  
p r o d u c t  d id  n o t  c o n t a in  su lp h u r  i n  th e  combined c o n d i t i o n  
and s e v e r a l  q u a l i t a t i v e  t e s t s  gave e n t i r e l y  n e g a t iv e  
r e s u l t s .
F o r a . A s n a i l  q u a n t i t y  was d i s s o l v e d  i n  h o t  r e c t i f i e d  
s p i r i t  and a  drop o f  th e  s o l u t i o n , p l a c e d  on a g l a s s  
s l i d e  and c o v e r e d  w ith  a c o v e r - s l i p , w a s  exam ined under  
th e  m ic r o s c o p e .I n  p r e v io u s  e x p e r im e n ts  i t  had been  found  
p o s s i b l e  t o  d e t e c t  q u i t e  sm a ll  amounts o f  c e l l o b i o s e  
o c t a c e t a t e  by t h i s  m eth od ,b u t i n  th e  p r e s e n t  i n s t a n c e  no 
t r a c e  o f  c r y s t a l l i n e  m a tte r  was d e t e c t e d .T h e  ex p er im en t  
was r e p e a te d  s e v e r a l  t im e s  w ith  s i m i l a r  r e s u l t s , t h e  
p ro d u c t  i n  a l l  c a s e s  p r e c i p i t a t i n g  a s  an amorphous pow der. 
S o l u b i l i t y .The p ro d u c t  was o n ly  s l i g h t l y  s o l u b l e  i n  
h o t  a b s o lu t e  e t h y l  a l c o h o l ,b u t  r e a d i l y  s o l u b l e  i n  h o t  
r e c t i f i e d  s p i r i t . I t  was r e a d i l y  s o lu b le  i n  a c e t i c  a c i d ,  
a c e to n e  and c h lo r o fo r m ,a n d  s p a r in g ly  s o l u b l e  i n  benzene  
a t  t h e  o r d in a r y  t e m p e r a t u r e .I n  c o n n e c t io n  w ith  s o l u b i l i t y  
i n  a c e t o n e , i t  was i n t e r e s t i n g  t o  n o te  t h a t  when a s o l u t i o n  w 
was a l lo w e d  t o  e v a p o r a te  on a w a t c h - g l a s s , a  f i l m  was 
not form ed .
M o i s t u r e .0 .6 3 1 1  grams o f  a i r  d r ie d  m a t e r ia l  shewed a
(81 )
d e c r e a s e  o f  0 ,0 0 8 5  c r a ^ s  a f t e r  h e a t in g  a t  110°u n t i l  
a con stc in t  w e ig h t  was r e c o r d e d .
l l o i s t u r e  = 1 ,3 5 ^
Ash.The s l i g h t  ash which was o b ta in e d  by i n c i n e r a t i n g  
0 .6 2 2 6  grains i n  a  p la t in u m  c r u c i b l e  was found t o  be  
u n w eig h a b le  and a se co n d  exp er im en t con firm ed  t h i s  r e s u l t .  
M e lt in r  P o i n t .
The m e l t in g  p o in t  o f  th e  degraded  m a t e r ia l  was n o t  c o n s ta n t ,  
b u t v a r i e d  b etw een  120^and 160^ i n  d i f f e r e n t  p r e p a r a t io n s  
o f  th e  a c e t y l a t e d  p ro d u ct  .T h is  p o i n t s  d i s t i n c t l y  t o  a  
com plex m ix tu r e .
S -p e c i f ic  R o t a t i o n .
V a r ia t io n  was a l s o  n o ted  i n  th e  s p e c i f i c  r o t a t i o n  o f  
m a t e r ia l  from d i f f e r e n t  p r e p a r a t io n s  and v a l u e s  r a n g in g  
from + 1 1 °t o + 1 9 ° in  ch lo ro fo rm  s o l u t i o n  were r e c o r d e d . l t  
was a l s o  n o te d  t h a t  a h ig h e r  p o s i t i v e  r o t a t i o n  was 
a lw a y s  d i s p la y e d  i n  a c e to n e  s o l u t i o n  th a n  i n  ch lo ro fo rm  
s o l u t i o n .
A c e ty l  C o n te n t .
The f in e ly -p o w d e r e d  p ro d u c t  was su sp en ded  i n  an e x c e s s  
o f  0 . 21N sodium h y d ro x id e  s o l u t i o n  and th e  m ix tu r e  was 
k e p t  i n  a s to p p e r e d  f l a s k  w ith  o c c a s i o n a l  shaJiing f o r  
7 2  h ou rs .T h e  m a te r ia l  d i s s o l v e d  a lm o s t  c o m p le te ly  w ith
(82)
the development o f  a f a i n t  y e llow  colour.T he a c e ty l  
con ten t was es tim ated  hy d i f f e r e n c e ,  a f t e r  t i t r a t i o n  o f  
th e  r e s id u a l  sodium hydroxide with standard h y d ro ch lo r ic  
a c i d .
(a )  0 .505  craiDS n e u tr a l is e d  2 5 .0 c c .o f  O'.21 N NaOH,
A cety l = G4.6p 
(h) 0 .7034  grams n e u tr a l is e d  3 8 .8 5 c c ,o f  0 .2 1  N NaOH.
A cetyl = 6 4 .2 /^
Carbon and Hydrorei).
0 .1659  gram s,(d r ied  in  vacuo at 10^),gave 0 .0 8 6 4  grams 
o f  water and 0 .3034  grams o f  carbon d io x id e .
C = 4 9 .87 fi H = 5 .7 9 ^
A t r i a c e t a t e  o f  c e l l u l o s e  re q u ir es
C = 50 .0 0 5; II = 5 .5 5  ^
and A cetyl = 6 2 .5 ^
The UltramicroGCQ-pic I^xamination o f  S o lu t io n s  o f  C e l lu lo s e
A catates  in  Chloroform.
Specimens o f  normal c o t to n  c e l l u l o s e  t r i a c e t a t e  and 
the degraded product o f  a c e t o l y s i s  were d is s o lv e d  in  
chloroform  and examined under the u ltr a m icro sco p e .
In the case o f  the normal t r i a c e t a t e  a d i s t i n c t  cone 
o f  l i g h t  was v i s i b l e  and there  was no doubt th a t  the  
s o lu t io n  was c o l lo id a l .O n  th e  o th er  hand,when a s o lu t io n
(83)
o f  th e  degraded a c e ta te  v/as exeuined  i n  the  sajae way,
on ly  a very f a i n t  cone o f  l i g h t  was v i s i b l e , and th e re  
appeared to  be a tendency tov/ardo tru e  m olecu lar  
so lu t io n .W h ile  such o b se r v a t io n s  are ad m itted ly  o f  a 
very q u a l i t a t iv e  nature ,they  are by no means v/ithout  
in t e r e s t ,a n d  a t  l e a s t  g iv e  a f a i r  in d i c a t io n  th a t  
co n s id e r a b le  degrad ation  o f  th e  c e l l u l o s e  m olecu le  has  
taJîen p la c e  i n  the  case o f  th e  product under d i s c u s s io n ,
ExDeriments w ith  Fehlinr. *s S o lu t io n .
The degraded m a te r ia l  reduced P e h l in g 's  S o lu t io n  a t  
the  b o i l in g  p o in t . I n  view o f  t h i s  f a c t  tv/o q u a ,n tita t iv e  
experim ents v/ere ca r r ie d  o u t .
(a )  A weighed q u a n tity  o f  the  degraded m a te r ia l  v/as 
dusted  in to  an e x c e s s  o f  P eh lin g * s  S o lu t io n  a t the  
b o i l i n g  p o in t  and the m ixture v/as b o i le d  fo r  four m in u tes .  
The cuprous o x id e  v/as im m ediately  f i l t e r e d  o ff ,w a sh ed  
w ith  v /a ter , a lc o h o l  and e t h e r ,  and d r ied  in  a steam -oven .
0 * 3269 grams gave 0 .1467 grams o f  cuprous o x id e .
(b) A weighed q u an tity  o f  the  degraded m a te r ia l  was 
d is s o lv e d  in  60 per cen t a lc o h o l  which con ta ined  8 per  
cen t o f  hydrogen c h lo r id e  and the s o lu t io n  v/as b o i le d  
under a condenser fo r  fou r  hours,The major p art o f  th e
(84)
a lc o h o l  was now removed hy d i s t i l l a t i o n , a n d  was rep la ced  
hy aqueous 8 per cent h y d r o ch lo r ic  ac id .T he mixture was 
a^ain h o i le d  and a f t e r  e ig l i t  hours on ly  a very s l i g h t  
r e s id u e  remained and the  s o lu t io n  was p r a c t i c a l l y  
c o l o u r l e s s . After c a r e fu l  n e u t r a l i s a t io n  th e  s o lu t io n  
was added to  an e x c e s s  o f  Fehlin£^*s S o lu t io n  at the  
h o i l i n g  p o in t ,a n d  th e  p r e c ip i t a t e d  cuprous ox ide  was 
c o l l e c t e d  and weighed as b e f o r e .
0 .3 2 8 9  grams gave 0 .3 2 5  grams o f  cuprous o x id e .
The r a t io  o f  the  copper r e d u c t io n  f ig u r e  a f t e r  ac id  
h y d r o ly s i s  to  the  f ig u r e  b efo re  a c id  h y d r o ly s i s  i s  
as 2 .2  i s  to  1 .
F r a c t io n a l  P r e c ip i t a t io n  o f  th e  Product o f  A c e to ly s i s .
The m a te r ia l  under exam ination  m elted  a t  125^and 
shewed 19.
1 6 .5  grams were d is s o lv e d  in  2 5 0 c c ,o f  hot r e c t i f i e d  s p i r i t .  
Part o f  th e  m a te r ia l  p r e c ip i t a t e d  spontan eou sly  from 
th e  s o lu t io n  on c o o l in g  and c o n s t i t u t e d  f r a c t io n  ( 1 ) ,
12 grams.
On adding d i s t i l l e d  water to  the  mother l i q u o r s ,2 ? 0 c c . 
were a,dded b efore  a fa r th e r  parmanent p r e c ip i t a t e  
a p p e a re d .3 5 0 c c .o f  water were added a t t h i s  s t a g e , and
(05)
a f t e r  s ta n d in g  o v e r -n ig h t  the s o l i d  v/hich had p r e c ip i ta t e d  
v;as f i l t e r e d  and d ried  .F ra c t io n  ( 2 ) ,  4 graros.
F ra c t io n  ( 1 ) .
The m e lt in g  p o in t  was i n d e f i n i t e ,130-140^
F e h l in g *8 S o lu t io n  was reduced a t  the  b o i l in g  p o in t ,
A s o lu t io n  in  chloroform shewed (o()^= +20'. 3.
A n a ly s is  gave C = 49'.6^ and H = 5 .75^
F ra c tio n  ( 3 ) .
The m e lt in g  p o in t  vms i n d e f i n i t e ,140-148^
F e h lin g * s  S o lu t io n  was v ig o r o u s ly  reduced a t  the  
b o i l i n g  p o in t ,
A s o lu t io n  in  chloroform shewed (o()^= + 1 9 .4 .
A n a ly s is  gave C == 49.6^ and H = 5L61^
The above experim ents y ie ld e d  no in fo rm a tio n  beyond 
th e  f a c t  th a t  the  degraded m a te r ia l  was a m ixtu re ,
HYDROLYSIS OF THE DECRAPED PRODUCT.
4 .8  grams were d ig e s te d  vrith an e x c e s s  o f  3-Normal 
sodium hydroxide s o lu t io n  and the  tem perature o f  the  
m ixture was m aintained at 25^by means o f  a w a te r -b a th . 
A fter  th r e e  hours the  a c e ty la te d  product had com p lete ly  
d is s o lv e d  and th e  s o lu t io n  was f a i n t  y e l lo w  in  co lo u r .
The s o lu t io n  was c a r e f u l ly  n e u tr a l i s e d  with h y d ro ch lo r ic
(86)
acid^and a w hite f lo c c u le n t  p r e c ip i t a t e  v;as obta ined  
which r a p id ly  darkened on washing and drying in  vacuo. 
The p r e c ip i t a t e  weighed 0 .4  graias.The a a in  product o f  
th e  r e a c t io n  v/as so lu b le  in  v/ater,and in s te a d  o f  
attem p tin g  i t s  i s o la t io n ,e x p e r im e n ts  on th e  d ir e c t  
m é th y la t io n  o f  the a c e ty la te d  product were undertaken.
The s o l i d  m a te r ia l  v/hich v/as i s o l a t e d  was, ‘ 
how ever,exam ined, and proved to  correspond e m p ir ic a l ly  
v/ith th e  formula (C^H/^C )^ .^The washed and d r ied  m a te r ia l  
was g la s s y  in  appearance and was e a s i l y  crushed to  a 
pov/der which shewed s ig n s  o f  decom position  on h ea t in g  
to  220°I t  was in s o lu b le  i n  a l l  sim ple organ ic  s o lv e n t s ,  
but was so lu b le  in  sodium hydroxide s o lu t io n  and in  
con cen tra ted  su lp h u r ic  a c id .
Carbon and Hydrogen .
0 .1 4 6 4  grams gave 0 .0848  grams o f  water and 0 .2 3 9 1  grams 
o f  carbon d io x id e .
C = U . 5 ?' H = G.aî'
(C(,H(jOy)^0equires :-C = 4 4 .4 ;' II = 6 .2 ^
I t  v/ould th e r e fo r e  appear th a t  t h i s  m a ter ia l  i s  
composed o f  c e l l u l o s e  desctrins and probably re p r e se n ts  
h ig h er  in te rm ed ia te  s ta g e s  in  the break-down o f  the  
c e l l u l o s e  m olecule during a c e t o l y s i s .
(87)
DIRECT METHYLATION OF TIIE DEGRADED PRODUCT.
In a p r e l io in a r y  exp er im en t,15 crams o f  th e  decraded  
m a te r ia l  were suspended i n  7 5 c c .o f  2-Normal sodium 
hydroxide so lu tion^ and  thorouch d i s in t e g r a t io n  was 
ensured by means o f  rap id  m echanical s t ir r in g .T h e  
temperature o f  the  mixture was m aintained a t  30°by 
means o f  a w ater-bath  and sm all e q u iv a le n t  q u a n t i t i e s  
o f  dim ethyl su lphate  and 30 per cen t  sodium hydroxide  
s o lu t io n  were added at sh o rt  in terva ls .IT hen  th e  major 
p a r t , ( th r e e - f o u r t h s ) ; o f  th e  re a g en ts  had been added, 
th e  tem perature we^ g rad u a lly  r a is e d  to  7 0 ° and the  
remainder o f  the  rea g en ts  was added a t  t h i s  tem perature.
In a l l , iO c c .o f  dim ethyl su lp h ate  and 40 grams o f  sodium 
hydroxide in  GOcc.of v/ater were used,The tem perature  
was t h e r e - a f t e r  r a ise d  to  100°fo r  a l i t t l e  over h a l f -  
an-hour, and a f t e r  c o o l in g , t h e  r e a c t io n  product was 
found to  be e n t i r e l y  s o lu b le  in  the  co ld  r e a c t io n  m ixture , 
which was th e r e fo r e  e x tr a c te d  thoroughly  with ch loroform . 
The chloroform  e x tr a c t  was d r ied  over anhydrous sodium 
su lp h ate  and on d i s t i l l i n g  away th e  ch loroform ,2 .7  grams 
o f  a c le a r  syrup were o b ta in ed ,w h ich ,o n  c o o l in g ,r a p id ly  
s e t  to  a hard g l a s s . ( I t  should  be noted th a t  the 15 grams 
o f  s t a r t in g  m a te r ia l  conta ined  6 4 .0  per cent o f  a c e t i c
(88)
acid  and th a t  on ly  G rroao o f  de a c e ty la te d  m a te r ia l  
v/ere a v a i la b le  fo r  m é th y la t io n .)
A Z e io e l  e s t im a t io n  was ca r r ie d  out on th e  
product ob ta in ed  in  the above experim ent and i t  proved  
to  have a methoxyl content o f  3 8 .1  per cent.T he  
m éth y la t io n  o f  the degraded product was now ca r r ie d  
out on a la r g e r  s c a le  by the  method o u t l in e d  above.
In th e  f i r s t  la r g e  s c a le  experiment 46 grams 
o f  the  degraded p r o d u c t ^ ( i . e •27 grams o f  d e a c e ty la te d  
m a te r ia l  )^  gave 14 grams o f  th e  p a r t i a l l y  m ethylated  
p r o d u c t ...................................................... ; (A ) .
In a second s im ila r  exp er im en t,1 3 .2  grams o f  
th e  p a r t i a l l y  m ethylated  product v/ere o b ta in e d  (B ).
The p rod ucts  (A) and (B) v/ere now u n ite d  and 
a f t e r  th ree  m é th y la t io n s ,each o f  v/hich v/as ca rr ied  out  
v/ith GOcc.of d im ethyl su lp h ate  and 60 grams o f  sodium 
hydroxide oe l u t i o n  in  lO O cc.of v /a te r ,24 grams o f  the  
m ethylated  product (C) v/ere i s o l a t e d  .During th e se  
experim ents i t  v/as noted th a t  an in c r e a se  in  the methoxyl 
con ten t had th e  e f f e c t  o f  rendering  th e  m ethylated  
product in s o lu b le  in  a l k a l i , and i t  cou ld  be f i l t e r e d  
from the r e a c t io n  mixture as a p a sty  m ass.
(89)
Ze i a s l  e s t im a t io n  on Product (C ) ,
0 .1 1 8 3  rrezio cave 0 .4086  graris o f  Agi.
cn„o = ib'.e’f,
T h is value corresponds w ith the methoxyl con ten t o f  
a tr im e th y l  c e l l u l o s e ,but as  the r e s u l t s  ob ta in ed  
from a n a ly se s  o f  the a c e ty la te d  product p o in ted  to  the  
id e a  th a t  the degraded m a te r ia l  was a m ix t u r e , i t  was 
con sid ered  n ecessary  to  su b je c t  the product to  s t i l l  
fa r th e r  m é th y la t io n s .A ccord ing ly , the  product (C) 
was su b jec te d  to  f i v e  a d d it io n a l  m é th y la t io n s ,each  
o f  which was c a r r ie d  out vdLth 2 5 c c ,o f  d im ethyl su lphate  
and 35 grams o f  sodium hydroxide in  BOcc.of w ater,  
a f t e r  which 19 .8  grams o f  a m ethylated  product (D) 
were i s o l a t e d .
N o t e In subsequent experim ents i t  was found to  be 
p r a c t i c a l l y  im p o ss ib le  to  fr e e  the  m ethylated  product 
from chloroform by h e a t in g  under d im in ished  p ressure  
at  100^and the y i e l d s  which are quoted above are 
th e r e fo r e  s l i g h t l y  h igher  than the  tru e  v a lu e s .
Ze i s e l  e s t im a t io n  on Product (D ) ,
0 .0 6 6 7  grams gave 0 .3116  graros o f  Agi.
q u o  = 45.
(90)
From t h i s  r e s u l t  i t  appeared, th a t  the experim ental  
l i m i t  o f  m éth y la tion  had been reached,The f i n a l  
product (D) v/as nov/ rep e a ted ly  ex tr a c te d  v/ith pure 
dry e th er  and by t h i s  means i t  v/as separated  in to  tv/o 
co n st itu e n ts ,O n e  portion ,v /h ich  amounted to  94 per cen t  
o f  the  t o t a l  m a t e r ia l , v/as s o lu b le  in  e t h e r ,w h i le  the  
p o rt io n  rep resen ted  by the  remaining 6 per cent v/as 
in s o lu b le  in  e th e r ,A  Z e is e l  e s t im a t io n  v/as ca r r ied  
out on the  in s o lu b le  residue^ from v/hich i t  was proved  
to  have a methoxyl con ten t o f  43 per c e n t , I t  th e r e fo r e  
appeared probable th a t  the in s o lu b le  r e s id u e  rep resen ted  
higher  in term ed ia te  s ta g e s  in  the degradation  o f  the  
c e l l u l o s e  molecule^ and a t t e n t io n  was a cco rd in g ly  
turned to  the  p o r t io n  so lu b le  in  e th er  v/hich rep resen ted  
th e  main product o f  th e  r e a c t io n .
(91)
THE EXAMINATION AND ANALYSIS OF THE I3ETHYL/TED PRODUCT.
The m ethylated  product i s  a c le a r  hard ;^1 a s s - l i k e  
substance which i s  e a s i l y  ground to  a f in e  w hite  
h ygroscop ic  powder, and i s  converted  in to  a t%ick syrup 
on h ea t in g  to  about 40?
S o l u b i l i t y .
I t  i s  e a s i l y  so lu b le  in  e th er ,ch lo ro fo rm  and benzene 
at the ord inary tem perature and l e s s  so lu b le  in  methyl 
a lco h o l and r e c t i f i e d  s p ir i t .O n  attem pting  to  d i s s o lv e  
i t  i n  water a cloudy s o lu t io n  was o b ta in ed .
S p e c i f i c  R o ta t io n ,
(a) 0 .3564  gra m s,d isso lv ed  in  lO c c .o f  ch loroform , were 
examined i n  a 1 -d .m .tu b e ,
(b) 0 .1 6 8 2  g ra m s,d isso lv ed  in  lO cc.ofl benzene,w ere  
examined in  a 1 -d .m .tu b e .
Action on Fehlin.y^s S o lu t io n .
The substance did not reduce F e h l in g 's  S o lu t io n ,e v e n  
on b o i l in g  the m ixture f o r  s e v e r a l  m inu tes .
Action o f  Acetone co n ta in in g  0 .5^  Hydrogen C h lo r id e . 
0 .5051  grams o f  the m ethylated  product were d is s o lv e d  
in  15 c c . o f  acetone vdiich conta ined  0 .4 6  per cen t  o f
(92)
hydroren ch lor id e .T h e  s o lu t io n  was t r a n s fe r r e d  to  a
ja ck e ted  2-cieciiiieter p o larim eter  tube and the  teiuperature
was m aintained at 30*^  by mea,ns o f  a th e r m o s ta t .
P o la r im e tr ic  read in gs  were taken every hour.
I n i t i a l  Reading o( = + 0 .5 3
A fter one hour oC = + 0 .5 3
A fter two hours o( = + 0 .5 4
A fter  th ree  hours cX = + 0 .5 3
A fter four hours (X = + 0 .5 3
A fter  f i v e  hours oC = + 0 .5 4
30
T his experiment proved theit no fr e e  reducing group was present 
in  th e  m ethylated p ro d u ct,a s  condensation  with the  
acetone and a corresponding change in  r o t a t io n  would 
th en  have r e s u l t e d .
Z e i s e l .
0 .0 9 3 4  grams gave 0 .3278  grams o f  Agi.
CH_0 = 4 6 .2 ^
A m ixture co n ta in in g  70 per cent o f  t r i  ( tr im e th y l-  
anhydroglu cose ) ,  and 30 per cent o f  the corresponding  
m ethylated  t r is a c c h a r id e  re q u ir e s  CII^ O = 47 .4^
Note The ev idence accumulated in  subsequent experim ents  
p o in t s  to  the id e a  th a t  we are in  f a c t  d e a l in g  w ith a 
m ixture o f  the  com position  in d ic a te d  above.
(93)
Carbon and Hydroren .
0 .1808  graas gave 0 .1328  gremo o f  water and 0 .3490  grams 
o f  carbon d io x id e .
S-=. .52,7^ E .= 8 .0^
The n ix tu re  quoted above r e q u i r e s C = 5 2 .9  ^ II = 7 .8 6 ^
SIMÜLTAHEOUS HYDROLYSIS AHD CONDENSATION OF THE 
METHYLATED PRODUCT WITH ACID METHYL ALCOHOL.
4 .3552  graXDS o f  the m ethylated product were heated  in  
a se a le d  tube with 5 0 c c .o f  methyl a lc o h o l  which con ta ined  
1 per cent o f  hydrogen c h lo r id e , f o r  VO hours at  110®, 
a f t e r  which time th ere  was no res id u e  and the s o lu t io n  
was p a le  g o ld en -y e llo w  in  colour.T he s o lu t io n  was 
n e u tr a l is e d  with s i l v e r  ca r b o n a te ,and a f t e r  f i l t r a t i o n ,  
evaporated to  dryness in  a tared  f l a s k , when 4 .562  grazos 
o f  a c o lo u r le s s  syrup were obtained .T he y i e ld ,c a l c u l a t e d  
on the assumption th a t  we are d e a lin g  with a mixture  
o f  the  com position  a lready i n d i c a t e d , i s  92 per cen t o f  
th e  t h e o r e t i c a l  maximum.
The syrup was d i s t i l l e d  in  vacuo and the  
fo l lo w in g  f r a c t io n s  were o b ta in ed .
(a )  0 .48  grams B.P.113?0.3mm. n^ = 1 .4502
(b) 3'.39 grams B.P.llsVO'. 3mm. n^ = 1 .4570
(94)
JUtALXSXS DE_TH2..JPEaDIIC.%]. .(ir^-RZDRaLZSIS.
On th e  b a s i s  p o s tu la te d  a b o v e , i , e . , th a t  the m ethylated  
product i s  a mixture co n ta in in g  70 per cent o f  a 
t r i ( t r im e th y l-a n h y d r o g lu c o s e ) , and 30 per cent o f  the  
corresponding m ethylated t r i s a c c h a r id e , t h e  product 
ob ta in ed  on h y d r o ly s is  ought to  c o n s i s t  o f  a m ixture  
c o n ta in in g  90 per cent o f  tr im e th y l  m eth y lg lu cosid e  
and 10 per cent o f  te tra m eth y l m eth y lg lu c o s id e .
A n a ly s is  o f  F raction  ( a ) .
Z e i s e l .
(§L) 0 .0545  grazes gave 0 .2139  grams o f  Agi.
CIUO = 51.8^.
(2 )  0 .0810  grams gave O'.328G grams o f  Agi.
ÇIJ^ O = 53L5^
Mean o f  (1 )  and (2 )  CII^ O = 5 2 .6 ^
The p o s tu la te d  mixture has CH^ O = 53.5^
Carbon and Hydrogen.
0 .1 4 8 2  grams gave 0 .1107 grams o f  water and O'.2768 grams 
o f  carbon d io x id e .
C = 5 0 .9 3  ^ H =
The postu latec l n ir tu r e  has C = 51.Q4'» H = 8 , 57»
(95)
A n a ly s is  o f  F raction  ( 5 ) .
0 .0708  craiDS gave 0 . 2833 graiQS o f  Agi.
CUjO = 52. 8Ü 
Required Gtl^O = 53 
Carbon and Hydror:en,
0 .1 8 4 2  grams gave 0 .1438 grams o f  water anclO*.3441 grams 
o f  carbon d io x id e .
Found C = 50.26^ n = 8'. 6^
Required C = H = 8 .5 #
F r a c t io n s  (a )  and (b) were th e r e fo r e  i d e n t i c a l  in
co m p o s it io n .
HYDROLYSIS OF 7IIF MIXTURE OF TRILIFTHYL AND TETRAMETHYL 
METHYLCLUCOSIDHS WITH 8 PER CEITT AQUEOUS HYDROCHLORIC ACID.
2 .67  grams o f  s y r u p , ( i . e . , t h e  remainder o f  the d i s t i l l e d  
product a f t e r  a n a ly ses  had been ca rr ied  o u t) ,w ere  
d is s o lv e d  i n  l lO c c .o f  8 per cent h y d ro ch lo r ic  ac id ,an d  
a sm all q u an tity  o f  ch arcoal was added to  prevent the  
development o f  co lour  during h y d r o ly s is .T h e  s o lu t io n  
was b o i le d  under a condenser fo r  45 m inutes,and the  
r o t a t io n  was then observed in  a 1 -dec im eter  t u b e .
<X = + 2 .1 1
(96)
On b o i l in g  the  s o lu t io n  fo r  an a d d it io n a l  15 m inutes, 
the observed r o ta t io n  was c< = + 1 .80
The s o lu t io n  was ara in  b o i le d  fo r  45 m in u te s ,a f te r  which
the observed r o ta t io n  was oC = + 1 .75
The con stant r o ta t io n  observed in d ic a te d  th a t  the
h y d r o ly s is  was complete and the s o lu t io n  was accord ingly  
n e u tr a l is e d  with barium carbonate , f i l t e r e d ,a n d  
evaporated to  dryness under dim inished pressure.T he  
mixture o f  sudors was ex tra c ted  from the s o l i d  barium 
ch lo r id e  by repeated  e x tr a c t io n s  with b o i l in g  a ce to n e .  
The acetone i^as d i s t i l l e d  away and the r e s u l t in g  syrup 
was r e d is s o lv e d  in  dry eth er ,an d  a f t e r  f i l t r a t i o n , t h e  
eth er  was in  turn evaporated.The syrup which r e s u lte d  
from t h i s  treatm ent weighed 2 .2  grams and on n u c lé a t io n  
with 2 :3 :6 - tr im e th y lg lu c o s e , p a r t i a l l y  c r y s t a l l i s e d .
The y i e l d , c a lc u la te d  on the assumption th a t  we are 
d ea lin g  w ith the h y d r o ly s is  o f  a mixture co n ta in in g  
90 per cen t o f  tr im eth y l m ethy lg lucosid e  and 10 per  
cent o f  te tra m eth y l m e th y lg lu c o s id e , i s  8 7 .6  per cent  
o f  the t h e o r e t i c a l  maximum.
(97)
SEPARATION OF THE CONSTITUENT? SUGARS FROM TIIE MIXTURE.
Ag the ev idence fro3  a n a ly s i s  p o in ted  to  the id e a  th a t  
the syrup c o n s is te d  o f  a a ix tu r e  o f  a te tram eth y l  
g lu cose  and a tr im eth y l g lu c o s e ,th e  syrup,which weighed  
2 .3  gran s,\/a s  d is s o lv e d  in  water and the  aqueous s o lu t io n  
was thoroughly ex tra c ted  with ch lo r o fo r n .
The aqueous s o lu t io n  was t h e r e a f t e r  evaporated  
to  dryness under dim inished p ressure and the r e s u l t in g  
syrup v/as d is s o lv e d  in  a b so lu te  a lc o h o l which was in  
turn  e v a p o r a te d .F in a l ly , the  syrup was d is s o lv e d  in  pure 
dry e th er ,an d  a f t e r  f i l t r a t i o n , t h e  e th er  was s low ly  
evaporated.The r e s u l t in g  syrup,on  n u c lé a t io n  vfith 
3 : 3 :6 - t r in e t h y l  g lu c o s e , s o l i d i f i e d  com p lete ly  to  a 
hard mass o f  c r y s t a l s  which weiglied 1 .85  grams.
The chloroform e x tr a c t  was d r ied  over anhydrous 
sodium su lp h ate ,an d  a f t e r  d i s t i l l i n g  o f f  the chloroform , 
0 .2 5  graijs o f  a syrup were obta ined  which p a r t ly  
c r y s t a l l i s e d  on sta n d in g .
The c r y s t a l l in e  m a ter ia l  ob ta ined  from the aqueous 
s o lu t io n  was i d e n t i f i e d  as 2 :3 :6 - tr im e th y l  g lu cose  by 
a study o f  i t s  p h y s ic a l  co n sta n ts  and by a n a ly s i s .
M elting Point.T he substance m elted a t 105?
(98)
S p e c i f ic  R o ta t io n .
0 .1058 graiD s,d issolved  in  lO c c .o f  w ater ,u ere  exanined  
in  a l-d ec irce ter  tu b e ,
A fte r l  hour + 8 3 .2 *
A fter 60 hours (o()p = + 73 .7*
A fter 108 hours (o()^ = + 71.8* (con stan t )
N.B. No c a t a ly s t  was employed.
This i s  in  agreement with the standard value fo r  
2 : 3 :6 -tr i ia e th y l g lu cose ,w hich  i s  (o )^p = + 72.*
Carbon and Hydrogen.
O'. 1501 graios g a^ve 0 .1088 crans o f  water and 0 .2668  grans 
o f  carbon d io x id e .
Found:- C = 48.5?  ^ H = 8.05^
2 :3 :G -tr iB e th y l  g lu cose  r e q u ir e s : -  C = 48.GGT&I = 8'. 11^
Z e i s e l ,
0 .0 6 6 1  grans rave 0 .2083 grans o f  Agi.
Ch^ O = 41.6
2 : 3 :6 - t r in e t h y l  g lu cose  r e q u ir e s : -  ÇH
The other co n s t itu e n t ,w h ic h  was su sp ected  to  be 
t e t r a n e th y l  g lu cose  was d is s o lv e d  in  b o i l in g  petroleum  
eth er ,an d  from t h i s  s o l u t i o n ,0 .1606  graiDs o f  c r y s t a l l i n e  
m ateria l were o b ta in ed .T h is  c r y s t a l l i n e  m ater ia l was 
i d e n t i f i e d  by m elt in g  p o in t  and mixed m elt in g  p o in t
(99)
as 2 : 3 :5 iG -tetraiaethyl g lu c o se .
A genuine specimen o f  2 :3 :5 :6 -te tr a m e th y l g lu cose  
m elted at 88-89*1
The m a ter ia l  under exam ination m elted a t  87-88^
A mixture o f  the two melted at 6 ^ 8 9 t
The amount o f  2 : 3 :6 -tr im eth y l g lu cose  which was i s o la t e d  
in  a s t a t e  o f  a n a ly t ic a l  p u r ity  was 84 per cent o f  
the t o t a l  product o f  h y d r o ly s is ,w h ile  the amount o f  
2 : 3 : 5 :6 -te tram eth y l g lu cose  was 7 per c e n t .
HYDROLYSIS 07 THE METHYLATED PRODUCT WITH 
AQUEOUS HYDROCHLORIC ACID.
2.45  grams were d is s o lv e d  in  SOcc.of 8 per cent  
h yd roch lor ic  acid ,and  the mixture was "boiled u n t i l  a 
con stant r o t a t io n  was recorded.
A fter 10 m inutes o( = + 2 ,69
H 20 II o( = + 3 .4 1
II 3 0  « c< = + 3 ,4 1
After n e u tr a l i s a t io n  with barium carbonate the s o lu t io n
was evaporated to  dryness under dim inished pressure  and 
the  s o l i d  re s id u e  o f  barium ch lo r id e  was tw ice  ex tra c ted  
with b o i l in g  acetone.The acetone was d i s t i l l e d  o f f  
and the product was d is s o lv e d  in  b o i l in g  e th e r .A f te r
(100)
f i l t r a t i o n  and removal o f  the s o l  v en t ,  a c le a r  sym p  
was obtained  and was analysed ,
Z e i s e l .
O'. 1789 grams gave 0 .5567 grains o f  Agi.
CTl^ O = 11.
90^ Trim ethyl e luoosa  ]
y CH 0. = 4 8 .9 i
10^ Tetramethyl g lu cose  J
Carbon and Hvdroren.
0 .1815 grams gave 0 .1361  grams o f  water and 0 .3258  grams 
o f  carbon d io x id e .
C = 4 8 1 9 ^ II = 8 .3 2 *^
90^ Trimethyl g lu cose  )  ^ ^
■ y C = 1 8 .8 7 ^ H = OL15%
10^ Tetramethyl glucose]
(101)
MOLECULAR WEIGHT OF TIIE METHYLATED PRODUCT.
In the f i r s t  s e r i e s  o f  exp er im en ts ,th e  m olecular \fe ich t  
was determined by the method o f  H a s t , in  which caxophor 
i s  used as the so lv e n t ,A  few m illecram s o f  the substance  
under exam ination are fused  vdLth from 10 to  20 t im es  
t h e ir  w eicht o f  camphor,and the m elt in g  p o in t  o f  the  
s o l i d i f i e d  "melt-caJce" i s  determined.As the m olecular  
d ep ress io n  constant fo r  camphor i s  40 ,^d ep ress io n s  o f  
s e v e r a l  degrees may be obtained  and a Beckmann 
thermometer i s  unnecessary .
(1 ) 0 .0068  grams in  0.0570 grams o f  camphor.
M.P. o f  pure camphor was 175.8?
M.P. o f  the  mixture was 167.8?
D epression  = 8?
M olecular Weight = 596
(2) O'.0045 grams in  O'.0632 grams o f  camphor.
M.P. o f  pure camphor v/as 175.8?
M.P. o f  the mixture was 171.9?
D epression  = 3.9?
M olecular Weight = 7 5 0 .
A second s e r i e s  o f  experim ents wa,s ca rr ied  out by the  
cr y sco p ic  method in  which benzene v/as used as s o lv e n t .
(102)
(1) Weight o f  "benzene used = 48 .93  graas .
The Q olecu lar d ep ression  con stant fo r  "benzene i s  5000.
(a) 0 .1127 grams depressed the f r e e z in g  p o in t  0 .0 1 5 f
(h) 0 .1202  ” " ’• ” " O.019?
(c )  0 .1585  ” ” ” " ” 0.027?
(a) M = 7 6 0 . (b) M = 6 4 6 . (c )  M = 600.
(a)+Cb) M = 7 0 0 . (b)4 (c )  M = 6 19 . ( a ) ( b ) ( c )  M = 65 6 .
Mean Molecular V/eirht = 6 6 3 .
As the d ep ress io n s  recorded in  the above experiment 
were very sm all i t  was repeated  with a grea ter  
co n cen tra t io n  o f  m a te r ia l .
(2 )  Weight o f  benzene used = 38 .55  graiios.
0 .5394 grams depressed the f r e e z in g  p o in t  OL109?
M olecular Weir.ht = 6 4 2 .
In the above experiment the g r e a te s t  p recau tion s  
ag a in st  su p e r -c o o lin g  were observed,and i t  may be 
remarked th a t  th ree  readings o f  th e  f r e e z in g  p o in t  for  
the pure s o lv e n t  were id e n t i c a l ,w h i l e  three  reddings  
which were taken  a f te r  th e  a d d it io n  o f  the substance ,  
d if f e r e d  on ly  by l/lOOCL
(103)
The average value fo r  the DOlecular weight over the  
whole s e r i e s  o f  experim ents i s  6 ^ , w hile  the approximate 
m olecular væight o f  a mixture co n ta in in g  70 per cent  
o f  tri(trim ethyl*-anliyclroglucos0  )^and 30 per cent o f  
the corresponding open-chain  tr is a c c h a r id e  i s
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